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Abstract 
 
This project is a study on the various methods used to construct buildings on soft clays in the 
Brisbane region which is located in the South Eastern corner of Queensland, Australia. This 
location enjoys long summers and relatively mild winters, especially compared to those 
found in the northern hemisphere. The study also compares them to world’s best practice and 
explains the many different ways of constructing buildings on soft clay. Consideration is also 
given to new techniques and developments in the area of soft clay foundation design. 
 
As the population of the Brisbane region and South East Qld grows the amount of quality 
land available for buildings declines. This makes the prospect of building in areas once 
thought too expensive, due to poor soil conditions, more appealing. Large areas of Brisbane, 
particularly around the mouth of the Brisbane River are underlain by soft clays. 
 
The Brisbane region has a diverse range of geology, ranging from volcanic rock formations 
through to soft estuarine deposits. As would be expected the majority of the soft clay deposits 
are along the Brisbane River and its tributaries. 
 
The objectives of this thesis are to show the various methods for building foundations used in 
the Brisbane region in soft clays. The advantages and disadvantages of these are discussed as 
well as other potential methods that could possibly be adopted. 
 
The predominant foundation type used in the soft clays in the Brisbane region are deep 
foundations. These transfer the load from the structure to suitable material beneath the soft 
clay, typically rock and they generally  comprise a concrete pier bored through this upper soft 
clay material and socketed into the underlying rock. Variations of this method are also found 
in the form of driven piers and Continuous Flight Auger (CFA) piles. Other methods that are 
utilised include lime stabilisation, heavy impact, bridging and ground replacement. 
 
The testing that is used to determine what foundation option would be suitable usually 
consists of a borehole with insitu-testing. Cone Penetration Testing (CPT) testing may also be 
undertaken as another form of insitu-testing. Samples collected from the borehole drilling 
may be tested for consolidation and strength. 
 
There are many techniques that are now readily available that can be used to support 
buildings founding in soft clays. This thesis aims to highlight the current techniques used in 
the Brisbane region and compare them to those used in other areas of the world. 
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CHAPTER 1 
INTRODUCTION 
 
1.1 Introduction 
This project appreciation aims to investigate the problems associated with building 
foundations on soft clay soils in the Brisbane region. Figure 1.1 shows the Brisbane region. 
The design and construction of current foundations are considered within the study area along 
with how these compare with techniques employed elsewhere in the world. Four case studies 
are also included as part of the project. Two of the projects are from within the Brisbane 
region and two are from Malaysia. These are discussed in detail and the foundation 
techniques used for these structures are compared along with the investigation techniques. 
This project appreciation only covers issues with building foundations on naturally occurring 
soft soils. Artificially created soft soils, such as tailings are not investigated as part of this 
project as they are not typically found in the Brisbane region. 
Information is given in the background section detailing the various foundation options 
available to structures founding in areas where soft clays are present. These are typically 
grouped into either deep or high level foundations or ground improvements. 
Various soil tests used on soft clays and their uses and advantages are also detailed. 
Comparisons are made between the foundation techniques used for building founding on soft 
clays in the Brisbane region to those techniques used elsewhere in the world. 
All soil classifications used in this thesis are in accordance with AS1726 – Geotechnical 
Investigations. 
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Figure 1 - Brisbane region (QLD Tourism) 
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1.2 Background 
Soft clay soils are found in many parts of Australia in coastal areas often outlying the 
estuaries of creeks and rivers. In the past these areas were usually excluded from building 
development, as the costs associated with building on them, were considered too high. 
However in recent times, due to rising land prices and a shortage of land within the Brisbane 
area, these areas are now being built upon. The soft clays vary in thickness from a few metres 
to depths of over 30m. 
These soft clays have low bearing capacities and suffer from large settlements when loaded. 
To prevent these excessive settlements, structures built in areas of soft soils have to be 
founded below the soft soils or some type of ground improvement is required. There are 
numerous techniques for both of these options that will be investigated as part of this thesis. 
It should be noted that the list of techniques described in this thesis is not definitive or 
exclusive. 
1.3 Relevant theory 
As the population of Brisbane increases the demand for new land increases at a similar rate. 
(Fahey, 2001) As the land that is more economical to build on is used the areas that are 
underlain by soft clays are needed. These areas are also utilised as they are close to major 
transport hubs, like the Port of Brisbane. In examples, such as the Port of Brisbane, large 
industrial buildings are required adjacent to the wharves to store and unload goods. As the 
area is built on reclaimed land within the mouth of the Brisbane River it is underlain by soft 
clays as are other areas around other creeks and rivers. The cost of building in these areas 
(other than the Port of Brisbane) has caused prospective builders to baulk at building there in 
the past but now, as the amount of land available decreases, it is increasingly becoming the 
only available option. 
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1.4 Project Aims 
The aim of this project is to investigate the problems associated with building foundations on 
soft clay soils in the Brisbane region. This project considers the design of building 
foundations for soft clay soils and considers the current design practices used for the Brisbane 
region and how that compares with world’s best practice. The project also investigates and 
documents some case studies of problems associated with the construction and operation of 
buildings on soft clay soils within the Brisbane region.  
There are several areas in Brisbane that have soft soils and these areas have a range of 
building types on them. These include multistorey buildings, residential structures and large 
industrial buildings along with the associated infrastructure. 
 
1.5 Information (literature) sources 
The information for this review has been gathered from a number of different publications 
relating to geotechnical engineering. Emphasis was placed on those publications that either 
specifically related to Brisbane and/or soft soil foundations. 
A list of references is attached. 
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1.6 Programme 
Research the Australian and international background information relating to foundations on 
soft clay soils: 
• Distribution and engineering properties of soft clays within urban areas in Australia. 
• Distribution and past engineering experiences within the Brisbane region. 
• Current design methods for building foundations on soft clays. 
• Engineering test methods currently used for soft clays. 
 
Select four cases which can be examined and documented in detail of either complex or 
significant construction / operational problems for particular buildings on soft clays. 
 
Compare world’s best practice for foundation design on soft clay soils with designs carried 
out in the study area over the last 10 years. 
 
Present information and results in required written and oral formats. 
The specific objectives of this thesis are to: 
• Outline the various options that are available to use as foundations for buildings on 
soft clays including both deep foundations and ground improvement methods. 
• Detail the composition of soft clays typically found within the Brisbane region. 
• Detail the general locations of soft clays within the Brisbane region.  
• Detail both the insitu and laboratory tests that can/could be carried out on soft clays as 
part of the geotechnical investigation. 
• Detail the various investigation techniques for ascertaining the subsurface profile 
within a proposed building area. 
• Explain some past experiences of the author of soft clays within the Brisbane region. 
• Compare current design practices used elsewhere in the world to those used in the 
Brisbane region. 
  
6 
 
1.7 Chapter overview 
1.7.1 Chapter 2 – Soft soil properties 
This chapter gives an overview of how soft clays are formed, where they are 
located and what they consist of. It also gives some background on the 
engineering properties of soft clays. 
1.7.2 Chapter 3 – Foundation Options 
Chapter 3 gives background information on the major foundation types and 
how they are used in the study area. This includes high level, deep foundations 
and ground improvement techniques. 
1.7.3 Chapter 4 – Deep Foundations 
This chapter lists the various types of deep foundations that can be used in 
areas underlain by soft clays and also gives some examples and limitations of 
these particular foundation types. 
1.7.4 Chapter 5 – Ground Improvement Techniques 
This chapter explains the advantages of using ground improvement techniques 
and the limitations imposed by using them. 
1.7.5 Chapter 6 – Engineering Test Methods 
Chapter 6 shows the more common geotechnical engineering test methods that 
can be used to test soft clays for both strength and material properties in the 
laboratory and insitu. 
1.7.6 Chapter 7 – Foundations 
This chapter discusses the reasons why the different foundation types are used 
and in what circumstances they may or may not be used. It also gives some 
background information on how deep foundations are designed and tested. 
1.7.7 Chapter 8 – Case Studies, Brisbane Region 
Chapter 8 details the investigation, laboratory and insitu tests undertaken on 
two sites within the Brisbane region. The subsurface profile and foundations 
used at the sites is also provided along with background information 
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1.7.8 Chapter 9 – Case Studies, Malaysian region 
Chapter 9 details two sites within the Malaysian region and provides 
information regarding the subsurface profile, testing undertaken and 
foundations utilised for the structures in this region 
1.7.9 Chapter 10 – Case Study Comparison  
This chapter compares the investigation techniques and foundations used at 
both of the study areas and makes comments regarding the similarities and 
differences between the regions. 
1.7.10 Chapter 11 – Conclusions 
Chapter 11 makes concluding remarks regarding the two regions and 
recommendations for further works. 
  
8 
 
CHAPTER 2 
SOFT SOIL PROPERTIES 
 
2.1 Soft soil composition 
Soft clays in the Brisbane region are usually formed from estuarine processes and are 
geologically classified as originating in the Holocene age (Moreton Geology Map). They can 
vary in colour from dark to light grey and brown and are classed as very soft to soft, moist to 
wet and of medium to high plasticity. Lenses of sand and interbedding layers of silty clay can 
be found within the soft clays. The material is often classed as Acid Sulfate soil as they are 
generally formed in an anaerobic environment and when allowed to re-oxygenate (ie when 
they are excavated) they can form sulphuric acid. This material, in accordance with QASSIT 
guidelines requires treatment with lime to increase the pH to a suitable level. The engineering 
properties of soft clay can vary greatly depending on the location and depth below ground 
level. The soft soil typically encountered in the Brisbane region has a surficial crust that is 
caused when the soft clay dries back as the water recedes. The map on the following page 
shows the various soil (and rock) types found in South East Queensland. 
The compressibility of the soft clays within South East Queensland, which includes Brisbane 
was compiled in an article by Pyke, 2003 and the general characteristics of these soft clays by 
various other authors. These general characteristics include shear strengths in the order of 
10kPa to 15kPa, moisture contents up to 120% and high compressibility. This high 
compressibility can lead to settlements in the order of 1.0m in some of the more extreme 
cases. These properties make building on soft clays more technically challenging and thus 
more expensive than in areas with residual clays. Figure 2.1 on the next page shows the 
geology of the Brisbane region. 
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Figure 2.1 - Moreton Geology Map (Department of Main Roads, QLD) 
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CHAPTER 3 
FOUNDATION TYPES 
 
3.1 Foundation options  
In order to successfully found a structure in an area of soft clay, suitable foundations need to 
be created. These are generally grouped into either deep foundations or ground improvements 
to enable high level footings, although there are several options that could be classed as 
either. Details of these foundation types are given below and the limitations imposed by each. 
3.1.1 Deep Foundations 
Deep foundations options include both driven and bored piles, stone columns, CFA piles 
(Continous Flight Auger) incorporating both grout and cement. Variations and combinations 
of these can also be used depending on the particular geotechnical conditions of the site.  
The purpose of a deep foundation is to transfer the load from the building down below the 
soft clay, into a suitable founding strata. Bored piers and CFA piles are socketed into suitable 
founding strata to achieve the required bearing capacity. This may be the natural very stiff to 
hard clays or rock, depending on the required capacity of the pile. The length, number and 
diameter of the piles is a function of the ground conditions and the required bearing capacity 
of the structure. Figure 3.1.1 below shows how the deep foundation transfers the load of the 
structure to the underlying stronger material to support the load.  
The piles for the structure can be grouped together under a single pile cap if a single pile 
cannot achieve the required capacity. Pile groups do require a reduction factor when spaced 
less than 1 pile diameter apart (Poulos, 1979). 
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Figure 3.1.1 - Deep Foundation 
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3.1.2 High Level Foundations 
High level footings are used to support the load applied by the structure in the upper soil 
layer (Das, 2004). The two main types are called strip footings or pad footings and to perform 
satisfactorily they must have two main characteristics (Das, 2004): 
• They have to be safe against overall shear failure in the soil that supports them. 
• They cannot undergo excessive settlement or displacement. 
Strip footings are long thin footings normally used to support a line load while a pad footing 
is used to dissipate a concentrated load, such as that found under a column. Strip footings are 
generally between 0.3m and 1.0m wide and can vary significantly in length from less than a 
metre to several kilometres for structures such as revetment walls. Pad footings are usually 
square although they can be rectangular and between 1.0m by 1.0m up to 5.0m by 5.0m. 
The ultimate bearing capacity of a strip footing using Terzaghi formula and can be expressed 
as: 
    	  
 
Where: 
 = cohesion of soil 
 = unit weight of soil 
 = Df 
	  bearing capacity factors that are non-dimensional and are a function of the soil 
friction angle Φ. The table of these values is shown in Figure 3.1.2. 
The ultimate capacity of a square foundation may be expressed as: 
  1.3  	  0.4 
And the ultimate capacity of a circular foundation as: 
  1.3  	  0.3 
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Figure 3.1.2 – Terzaghi’s Bearing Capacity Factors 
        
0 5.70 1.00 0.00 26 27.09 14.21 9.84 
1 6.00 1.10 0.01 27 29.24 15.90 11.60 
2 6.30 1.22 0.04 28 31.61 17.81 13.70 
3 6.62 1.35 0.06 29 34.24 19.98 16.18 
4 6.97 1.49 0.10 30 37.16 22.46 19.13 
5 7.34 1.64 0.14 31 40.41 25.28 22.65 
6 7.73 1.81 0.20 32 44.04 28.52 26.87 
7 8.15 2.00 0.27 33 48.09 32.23 31.94 
8 8.60 2.21 0.35 34 52.64 36.50 38.04 
9 9.09 2.44 0.44 35 57.75 41.44 45.41 
10 9.61 2.69 0.56 36 63.53 47.16 54.36 
11 10.16 2.98 0.69 37 70.01 53.80 65.27 
12 10.76 3.29 0.85 38 77.50 61.55 78.61 
13 11.41 3.63 1.04 39 85.97 70.61 95.03 
14 12.11 4.02 1.26 40 95.66 81.27 115.31 
15 12.86 4.45 1.52 41 106.81 93.85 140.51 
16 13.68 4.92 1.82 42 119.67 108.75 171.99 
17 14.60 5.45 2.18 43 134.58 126.50 211.56 
18 15.12 6.04 2.59 44 151.95 147.74 261.60 
19 16.56 6.70 3.07 45 172.28 173.28 325.34 
20 17.69 7.44 3.64 46 196.22 204.19 407.11 
21 18.92 8.26 4.31 47 224.55 241.80 512.84 
22 20.27 9.19 5.09 48 258.28 287.85 650.67 
23 21.75 10.23 6.00 49 298.71 344.63 831.99 
24 23.36 11.40 7.08 50 347.50 415.14 1072.80 
25 25.13 12.72 8.34     
 
Figure 3.1.3 – Strip Footing 
 
Figure 3.1.4 – Pad Footing 
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CHAPTER 4 
DEEP FOUNDATIONS  
 
4.1 Bored piles 
Bored piles are commonly used when a socket into rock is required. They can be installed 
using piling rigs using a large diameter auger fitted to a piling rig (Figure 4.1). Piles are 
augered to the required depth then a cleanout bucket is fitted to remove the loose material 
from the base. If a socket into rock of at least Medium strength is required a core barrel can 
also be fitted. Following this the steel reinforcement cage is lowered into the hole and then 
filled with concrete, steel liners are commonly used to prevent water and soft clay ingress. 
The steel liners can be removed once the concrete is poured (temporary liner) or left after 
pouring to form a permanent liner. The diameter of the piers can range from 450mm up to 
1800mm although occasionally diameters of 2500mm or even larger are used. The depths that 
can be drilled using a bored pier rig can be in excess of 100m although this largely depends 
on the size of the rig.  
15 
 
Figure 4.1- large bored pile drilling rig. 
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4.2 CFA Piles 
The large bored pile drilling rigs can also be fitted with a continuous flight auger (CFA). This 
enables a pier to be drilled to the required depth, then as the auger is removed concrete/grout 
is pumped through the stem of the auger to fill the pier. This can be then left as a 
grout/concrete pile or a steel reinforcement cage can be vibrated in to provide tensile strength 
to the pile. These are not as commonly used as bored piers for building foundations and tend 
to be used more for contiguous pier walls. They are also used if the groundwater table is high 
or there is a high chance of the pier hole collapsing. The process for installing CFA pile is 
shown in Figure 4.2 below. 
Figure 4.2 – CFA Pile Installation (Keller, 2009) 
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4.3 Stone columns 
Stone columns are similar to CFA piles however instead of concrete/grout being used stones 
can be used. It is more common for other materials to be used instead of stone these days and 
materials such as crushed rock and road bases can be used. The structure can then be 
supported on the columns. Variations on this particular method are also used, where the insitu 
ground can be strengthened by means of compaction or by mixing with cement/grout.  
Stone columns usually have diameters of between 0.5m and 0.75m and work most effectively 
when they are used to stabilize a large area where the undrained shear strength of the soil is in 
the range of 10kPa to 50kPa (Das, 2004) 
The load bearing capacity of stone columns can be approximated by the following (Hughes et 
al, 1975): 
    !45  

2 $ %4  &'( 
Where: 
cu = undrained shear strength of the clay 
&'  effective radial stress as measured by a pressure meter (approximately 2 cu ) 
 = effective stress friction angle of the stone column material 
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Figure 4.3 - Stone Column (Das, 2004) 
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4.4 Driven piles 
Driven piles can be square, round, hexagonal or octagonal in shape and are made in lengths 
of 6m or 9m, but longer lengths are available. Widths are usually 450mm to 600mm although 
they can be specially made to a larger size if required. They are driven into the ground using 
a large hammer which can be up to 10 tonnes in mass. This hammer is forced, usually 
hydraulically on top of the pile, until the base is spliced to the top of the last pile. This then 
continues until such time as the pile achieves the required depth/refusal. Care must be taken 
when using this type of pile as the force of the hammer on the pile can create liquefaction of 
the soil and structures adjacent to piling operations can be damaged from vibrations. It also 
very noisy. Driven piles cannot achieve the same sockets into rock the bored or CFA piles 
can and the piles can veer from vertical and may require pre-drilling in areas where there is 
an overlying layer of dense gravel/sand. They can be driven in at angle to form what is 
commonly called a raked pile, although this is more commonly used in marine structures 
such as jetties to counter the lateral water forces. They are typically installed in groups. 
Figure 4.4 below shows a pile driving rig. 
Figure 4.4 - Pile driving rig 
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CHAPTER 5 
GROUND IMPROVEMENT TECHNIQUES 
 
5.1 Ground improvement techniques 
These techniques rely on improving the existing ground as opposed to founding through the 
unsuitable ground. This area of geotechnical engineering is advancing as more techniques are 
being tested and improved.  
At present the more common methods involve the use of lime or cement being mixed with 
the soil to increase the strength of the material.  
Preloading of the existing ground involves placing large amounts of soil over the area and 
allowing it to settle prior to the structure being built. The installation of wick drains helps 
expedite this process. The wick drains can be constructed by installing sand drains or by the 
use of slotted flexible pipe. 
21 
 
5.2 Preloading 
These techniques improve the shear strength of the ground by either densifying the material 
by mechanical means or chemically. One of the more common and economical means of 
improving the shear strength of soft clays is by the use of preload. This technique is more 
commonly used for roads but can be used for large industrial buildings. It involves the 
installation of vertical drains in the soft soil and then the application of a load onto the soil. 
The load is commonly general fill material and it is placed to the required depth to surcharge 
the underlying soft clay. Prior to placement of the fill settlement plates are installed to 
monitor the settlement of the clay. As the load of general fill is placed on the soft clay, water 
is forced out and into the vertical drains and thus up to the surface. The preload can 
commonly be required to remain in place for periods up to 12 months before the required 
amount of settlement has occurred. This settlement is monitored by a surveyor using the 
settlement plates that were installed before the preload was placed. Another common practice 
is to perform Cone Penetration Testing with pore pressure measurement (CPTu) both before 
and after the preload has been placed as this gives a very good representation of the soil 
density and pore pressure. CPTu testing is explained in section 6.4. 
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5.3 Lime stabilization 
Lime stabilization is more commonly used in road subgrades to improve its strength but it 
can be used for small buildings. It involves the mixing of lime and soil by the use of a large 
profiler. The mixing depth is usually limited to approximately 600mm and the lime is 
typically mixed at 3% to 6% although this can change depending on the particular situation. 
The use of lime in the clay can increase the CBR (California Bearing Ratio) of the soil 
significantly. There are now several companies that operate in and around the Brisbane area 
that specialise in lime stabilisation of soils. 
By mixing lime with soft clay the CBR value can increase from values of approximately 2% 
up to 8% (Stabilised Pavements Australia, 2006). Figure 5.3 below shows lime being mixed 
into the soil. 
Figure 5.3 – Lime stabilization 
 
Lime can be mixed with water to form a slurry and be injected into the ground through 
injection rods under high pressure (Das, 2004). This process can improve the strength of the 
material and allow structures to be built.  
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5.4 Cement Stabilisation 
Adding cement to the soil has a similar effect to adding lime as it helps decrease the liquid 
limit and increase the plasticity index. The cement is usually added to the soil at 
approximately 10% by weight (Das, 2004). This process can also sometimes be referred to as 
jet grouting of the soil.  
Fly-ash can also be added as it usually is a cheap by-product from power stations, although it 
can have some environmental restraints.  
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5.5 Bridging  
The use of a bridging layer over soft clays is still used for some smaller buildings although 
the potential amount of settlement the structure may undergo can make this option 
unacceptable. Generally the top 1.5m to 3.0m of the soft clay is removed and replaced with a 
material with a much higher strength. Crushed rock is commonly used to form the bridging 
layer. A layer of geofabric is placed initially on the soft clay and then the crushed rock is 
placed in layers of approximately 300mm loose thickness and compacted. The bottom layer 
may be thicker to help bridge out any movement exhibited under rolling. However, the use of 
a bridging layer is usually limited to very lightweight structures that can tolerate movement. 
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5.6 Impact rolling 
Impact rolling is another technique used to improve the existing ground before building in 
areas of soft clay. It involves the use of an irregular shaped roller, usually triangular towed 
behind a tractor (Figure 5.6). The tractor drives across the site in a linear pattern to ensure the 
whole site is covered and may make several passes over the entire site. The roller can weigh 
up to 10 tonnes and due to the irregular shape of the roller it creates a substantial impact as it 
rolls. If the area that requires impact rolling is untraffickable a layer of material is placed over 
the top to ensure that access for the tractor and roller is available. Depending on the mass of 
the roller, speed of the tractor and number of passes made improvements in strength of the 
subsurface material in the order of five metres is possible. This option is limited to areas that 
are large enough for a tractor to access and that are not too close to other structures sensitive 
to the vibration caused by the impact roller. (Avalle, D.L. 2007).  
Figure 5.6 – Impact roller (Broons, 2009) 
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5.7 Dynamic Compaction 
The large impact weight method for ground improvement involves a large weight being 
dropped from a height (Figure 5.7). The weight can be 8 tonnes to 35 tonnes and the height 
dropped is between 7.5m to 30m and is usually a concrete or steel block that is utilised. The 
height and weight is determined by the ground conditions at the particular site. The weight is 
lifted by a large crawler crane repetitively as it moves across the site ensuring no areas are 
missed. The impact of the mass falling from height compresses the underlying soft clays and 
can create craters caused by the impact. This type of operation cannot be carried out where 
there are other buildings nearby as it causes significant vibrations. 
Figure 5.7 – Dynamic Compaction (Keller, 2007) 
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CHAPTER 6 
ENGINEERING TEST METHODS 
 
6.1 Engineering test methods for soft clays 
Geotechnical investigations for buildings in areas of soft clays can often be complex and 
often involve several different investigation methods and tests. Testing is commonly grouped 
into either insitu or laboratory testing and the various tests used in soft clays are shown in 
Table 6.1 below. Insitu testing comprises the tests carried out in the field during the 
investigation. They are generally carried out either by the drill rig or another specialised piece 
of equipment. The laboratory tests are carried out on samples collected from the field 
investigation and transported back to the laboratory for testing. Samples are generally kept in 
containers to prevent moisture loss, so as to enable an accurate moisture content of the insitu 
material to be determined. 
Table 6.1 – Soft soil test methods 
Insitu Laboratory 
Vane shear Moisture content 
SPT Atterberg limits 
U50 with vane shear Oedometer 
CPT Triaxial (undrained/drained) 
CPTu Particle Size Distribution 
CPTu with dissipation testing UCS 
 
The test methods above are generally performed in accordance with the relevant Australian 
Standard or Queensland Department of Main Roads Standard. The list of tests above is not 
comprehensive and only lists the more common tests undertaken. 
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6.2 Shear Vane 
The shear vane test is used to accurately determine the shear strength of the soil by the use of 
a torque meter and a vane. Table 6.2 below gives the Undrained Shear Strength values of 
clays in accordance with AS1726 – Geotechnical site investigations. 
Table 6.2 - Undrained Shear Strength Classification in accordance with AS1726 
Term Undrained Shear Strength, Cu (kPa) SPT ‘N’ 
Very Soft <12 <2 
Soft >12 <25 2 - 4 
Firm >25 <50 4 - 8 
Stiff >50 <100 8 - 15 
Very Stiff >100 <200 15 - 30 
Hard >200 >30 
 
The shear strength of the soil can be measured insitu, by inserting the shear vane into the 
natural ground or it can be used in U50 tubes collected from depth by a drill rig.  
The vane consists of four blades at right angles to each other and the height of the vane is 
twice the diameter. The maximum torque applied for rotation that causes failure is measured. 
The test is quite simple to undertake and can give more accurate values of shear strength in 
soft clays than other methods. (Das, 2004). Another benefit of the test is that the excess pore 
pressure developed during the testing does not have time to dissipate due to the test being 
quick (Merifield, 2004). 
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6.3 SPT 
The SPT test or Standard Penetration Test is one of the most commonly used insitu tests. It is 
an index test and is used for correlation of soil properties in both cohesive and non-cohesive 
soils. The hammer has a standard weight of 63.5kg (Figure 6.3.3) and is dropped a distance of 
0.76m, which drives a split spoon sampler into the soil. The hammer is dropped repeatedly 
and the number of blows to penetrate three successive penetrations of 150mm is recorded. 
The last two of these are added together to give the Standard Penetration Number or ‘N-
value’. This value correlates to a particular strength of material and can be used to give a 
range of other properties, including undrained shear strength and the relative density of non-
cohesive soils. The ‘N-value’ that correlates to a given strength/density is given in Table 
6.3.1 and Table 6.3.2 below. These are derived from AS1726 – Geotechnical Site 
Investigations. 
Table 6.3.1 – Non-cohesive soils (sands) 
Description SPT ‘N’ Value Relative Density (%) 
Very Loose 0 – 5 0 – 15 
Loose 5 – 10 15 – 35 
Medium Dense 10 – 30 35 – 65 
Dense 30 – 50 65 – 85 
Very Dense >50 85 - 100 
 
Table 6.3.2 – Cohesive soils (silts and clays) 
Description SPT ‘N-value’ Undrained Shear Strength Cu (kPa) 
Very Soft 0 – 2 <12 
Soft 2 – 4 12 – 25 
Firm 4 – 8 25 – 50 
Stiff 8 – 15 50 – 100 
Very Stiff 15 – 30 100 – 200 
Hard >30 >200 
 
The split spoon sampler enables a sample of the soil to be collected so it can be visually 
identified. 
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Figure 6.3.3 – SPT 
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6.4 CPT 
The Cone Penetration Test (CPT) utilises a cone and sleeve to measure the resistance of the 
soil. The cone has a diameter 35.7mm and an apex angle of 60o (Whitlow, 1995) and is 
pushed into the soil at a rate of 20mm/sec, by means of hydraulic thrust. The ratio of the 
resistance on the cone to that on the sleeve gives the Friction ratio, which can be used to 
determine the soil type. The resistance on the tip (qu) gives an indication of the strength of the 
material being penetrated (Whitlow, 1995). 
Numerous correlations have been developed between the cone resistance and other soil 
properties, which include, undrained shear strength, friction angle for sand, relative density 
and overconsolidation ratio (Das, 2004). 
The CPT is one of the most useful investigation techniques in soft clays as it gives a 
continuous record of the subsurface profile, with readings taken every 20mm. This ensures 
that thin lenses of sands and gravels within the profile are not missed, as can be the case with 
SPT’s. The amount of information collected per day also tends to be higher than that obtained 
from borehole drilling with rates of over 100m/day being possible. Generally the test is 
performed from a large truck, to provide sufficient ballast to allow penetration through the 
subsurface profile. 
CPTu testing is identical to CPT testing except that a pore pressure measurement is taken as 
well as the friction ratio. This provides additional information for calculating settlement and 
overconsolidation ratios.  
Dissipation testing can also be carried out while undertaking CPTu’s. This involves stopping 
the cone penetration at discreet depths and awaiting the pore pressure to dissipate prior to 
continuing the test. A printout from a CPT is presented below in Figure 6.4 
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Figure 6.4 - CPT Plot 
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6.5 Moisture Content 
The moisture content test is one of the most simple soil tests undertaken and measures the 
amount of moisture present in a provided sample. For soft clays moisture contents of over 
100% are possible (ie the sample contains more water than soil)  
 
)*+,-./ 0* /   1%%(   3435 6 100 
 
Once the moisture content of the soil is known, other engineering properties of the soil can be 
deduced. 
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6.6 Atterberg limits 
The Atterberg limits are a series of tests that are used to determine the: 
• Liquid Limit 
• Plastic Limit 
• Plasticity Index 
• Linear Shrinkage 
The Liquid Limit, Plastic Limit and Shrinkage Limit (Linear Shrinkage) are found at the 
boundaries of the four states that a soil can exist in. These four states are Solid state, 
Semisolid state, Plastic state and Semiliquid state (Das, 2004) Figure 6.6 below shows the 
four states and the Liquid Limit (LL), Plastic Limit (PL) and the Shrinkage Limit (SL)  
Figure 6.6 – Atterberg limits (Das, 2004) 
 
As can be seen in Diagram 6.6, the moisture content of the soil increases as the soil moves 
from the solid state through to the liquid state. 
The plastic index is obtained by subtracting the Plastic Limit from the Liquid Limit (PI = LL 
– PL). The Plasticity Index is the moisture range at which the soil behaves in a plastic state. 
These tests are used for soil identification and do determine suitability for re-use as fill. It 
should be noted that soft clays are not generally used as fill as they present significant 
problems in regard to their handling and compaction as they can have Liquid Limits of over 
120%. 
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6.7 Oedometer 
The Oedometer test is a one dimensional consolidation test (Das, 2004). It is used to 
determine primary and secondary consolidation of a soil sample which is then utilised in 
settlement calculations. The undisturbed sample is collected in a steel tube and supplied to 
the lab in its insitu state. The sample is then placed in a cell where a load can be applied to 
the specimen via a lever arm. The three distinct stages of the test are (Das, 2004):   
 
Stage I  Initial compression, which is caused mostly by preloading. 
Stage II Primary consolidation, during which excess pore water pressure is gradually 
transferred into effective stress because of the expulsion of pore water. 
Stage III Secondary consolidation, which occurs after complete dissipation of the 
excess pore water pressure, when some deformation of the specimen takes 
place because of the plastic readjustment of soil fabric. 
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6.8 Triaxial Test 
Undisturbed soil samples collected from the field investigation in U50 tubes can be tested 
using a triaxial test. The most common triaxial test undertaken are (Das, 2004): 
• Consolidated-drained test 
• Consolidated-undrained test 
• Unconsolidated-undrained test 
The triaxial test is used to determine the stress-strain properties of a soil. The axial stress is 
applied by a piston and the confining pressure is applied by the water surrounding the test 
specimen. The increment of axial stress is called the deviator stress (Lambe and William, 
1979). 
The major principle stress (axial stress) and the minor principle stress (confining pressure) 
are plotted as Mohr’s Circles. The cohesion and friction angle can be determined from the 
Mohr’s Circle. The common tangent to the circles is known as the Mohr-Coulomb failure 
envelope (Das, 2004). 
An example of a test result from a triaxial test is shown in Figure 6.8 below, clearly showing 
the Mohr circles and the resultant friction angle. 
Figure 6.8 – Mohr Circles 
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CHAPTER 7 
FOUNDATIONS 
 
7.1 Discussion 
The basic requirements of a satisfactory foundation system as stated by Sowers, 1962 are: 
• The foundation must be properly located with respect to any future influences which 
could affect its performance. 
• The foundation, including the soil below it, must be stable and safe from failure. 
• The foundation must not settle sufficiently to damage the structure. 
 
The foundation designs for buildings founded on soft clays in the Brisbane region are 
generally varied; however they typically comprise a type of deep foundation.  
Deep foundations are used to transfer the structural load of the building to an underlying soil 
or rock strata capable of supporting the load. They can also be used if there is a risk of 
scouring occurring, which is only an issue in areas adjacent to the sea or major river. 
Deep or Piled foundations are relatively slender columns and can be made from either timber, 
concrete or steel. The selection of the pile depends on (Cernica, 1995): 
• The corrosive properties of the soil; 
• The fluctuation in water table; 
• The ease of installation; 
• The length requirement; 
• The availability of material; 
• The installation equipment; 
• The restriction on noise; 
• Costs. 
 
The methods used to determine the capacity of deep foundations are derived from the 
Australian Standard AS2159, Piling - design and installation. The piles are designed so that 
the design geotechnical strength and the design structural strength are not less than the design 
action effect, viz 
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Rd,g ≥ Ed; and 
Rd,s ≥ Ed 
The design geotechnical strength (Rd,g) is calculated by multiplying the design ultimate 
geotechnical strength (Rd,ug) by a geotechnical strength reduction factor (Φg) 
The ultimate geotechnical strength (Rd,ug) of the pile is the sum of the resistant forces on both 
the skin and the base of the pile. This is achieved by the friction between the soil on the sides 
of the pile and by the end bearing pressure. 
The tip resistance of a pile can be found using Terzaghi’s equation: 
7  89%  12  :	( 
7.2 Field investigation techniques 
Borehole drilling is the most common technique used for the foundation investigation, 
however it can have drawbacks when used in soft clays. This is because thin lenses of sand 
and gravel can be missed as the SPT’s are generally carried out at 1.5m intervals (Bowles, 
1996). An alternative is to shorten the distance between the SPT’s to a metre, however this 
can significantly increase the amount of time taken to complete the investigation. An 
alternative to undertaking only boreholes for the site investigation is to include a number of 
CPT’s and reduce the number of boreholes. (Das, 2004) By utilising CPT’s any thin lenses of 
material within the Soft clay can be detected and this can then be targeted for SPT’s whilst 
undertaking the borehole drilling, if required. 
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7.3 Pile Testing 
During the installation of the piles a certain number need to be tested to ensure that are 
achieving the required bearing capacities. This work is usually undertaken by the piling 
contractor, although it is becoming more prevalent that an independent third party undertake 
the pile testing. 
Typically between 1% and 10% of the piles are tested and one of the following methods is 
used: 
• Static testing 
o Compression test 
o Tension test 
o Lateral load test; 
• High-strain dynamic testing; 
• Rapid load testing; and 
• Integrity testing. 
 
To design a foundation for a structure the following design criteria (Curtin, et al. 1994) are 
recommended: 
• Foundations should be kept as shallow as possible because excavation can be 
expensive and timely; 
• Avoid expensive and complex foundation details; 
• Pay attention to build ability of the foundation; 
• The effect of the new foundation on the existing adjoining structures; 
• The reliability of the soil investigation; 
• Cost and speed of construction; 
• Effect of construction on the existing ground; 
• The effect of varying length, shape and rigidity  of foundation; 
• After effect on completed foundation such as sulphate attack and ground movement; 
• Change in local environment such as new construction or re-routing road; 
• Follow the currently reviewed construction techniques. 
 
It should be noted that the final decisions regarding the foundation type, design criteria and 
methods for construction are greatly influenced by experiences and intuition (McCarthy, 
1998). 
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CHAPTER 8 
CASE STUDIES – BRISBANE REGION 
 
8.1 Brisbane region site A, Newstead, Brisbane, Queensland, Australia. 
This site is located adjacent to the Brisbane River in the Brisbane suburb of Newstead (Figure 
8.1) and was developed by Mirvac Constructions. It consisted of a 16 storey residential tower 
with a single level basement. The building covered an area of 2500m2 which was 
approximately 50m by 50m. 
The site was chosen as it is in an area that is predominantly underlain by soft clays and 
presented a “typical” example of the type of residential unit structure that is built in Brisbane. 
Figure 8.1 – Newstead Site Location 
 
 
The regional geology of the area comprises deep alluvial deposits associated with the 
Brisbane River, underlying this is the Bunya Phylitte formation. The alluvial deposit 
comprises soft clays, silts and loose sands and gravels. These alluvial deposits are thought to 
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have been deposited during the Quartenary Geological Time Period (Brisbane 1st edition 
1986 – 1:100,000 Geological Series, Map No. 9543) 
The subsurface conditions encountered on the site consisted of up to 3.0m of fill overlying 
the natural soft marine clay. This was underlain by sands and gravel that overlay the 
weathered siltstone and phyllite rock at depth.  
Table 8.1.1 below gives the typical depths that the materials were encountered at and 
geotechnical parameters for the pier. The ultimate strengths are based on SPT numbers 
obtained during the site investigation. The ultimate strength is the ‘unfactored’ strength of the 
material and the load at which the material, in theory will fail. 
Table 8.1.1 – Geotechnical parameters for piers 
Geotechnical 
Unit 
Material 
Classification 
RL(m) of 
Base of 
Material 
Bulk 
Density 
(kN/m3) 
Ultimate 
Shaft 
Friction* 
(kPa) 
Ultimate 
Base 
Pressure  
(kPa) 
Fill 
Soft to Firm 
Clay (CH) 
Medium Dense 
Gravel 
(GM/GC) 
-0.5 to -1.0 19 - - 
Upper 
Alluvial Soil 
Firm to Stiff 
Clay (CH) -1 to -2.5 18 0 NR 
Marine Clay Very Soft to Soft Clay (CH) -9 to -10.5 16 0 NR 
Lower 
Alluvial Soil 
Firm to Stiff 
Clay and Silt 
(CH/MH) 
-26 18 20 NR 
Dense Gravel 
(GM/GP) -31.5 to -33.5 22 200 NR 
Rock 
DW Siltstone, 
Medium 
Strength 
- 23 600 6000 
SW Siltstone, 
High Strength - 24 800 10000 
DW Phyllite, 
Medium 
Strength 
- 25 600 6000 
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During construction issues regarding the crane pads and the sheet piles were encountered. 
The crane pads had to be designed for the loads imposed as the natural clays onsite were not 
suitable to support the weight of the crane. Typical crane pad depths of 2.0m thickness were 
required. Crushed rock was used to create the pads for the cranes. 
The crane pads were required as the allowable bearing pressures required by the crane 
outriggers exceeded the allowable bearing pressure of the natural soft clays onsite. To 
compound this issue some of the proposed crane pad locations were adjacent to an excavation 
which added stability problems to the bearing pressure issue.  
A failure of a section of sheet pile wall also occurred at the site (Figure 8.1.3). The exact 
reasons for this failure are still being determined, however the most likely causes are (but are 
not limited too): 
• Insufficient anchor length or bond strength; 
• Insufficient toe support of the sheet pile; 
• Increase in surcharge behind wall. 
 
Figure 8.1.3 – Sheet pile wall failure 
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Due to the weight of the building and the depth to rock the building was founded on deep 
foundations. The foundation types consisted of bored piers socketed into the weathered rock. 
Some Continuous Flight Auger (CFA) piles were also used. The piles were installed by a 
large multinational piling company using several large piling rigs.  
As there was significant loads imposed by the 16 storey structure a deep foundation was the 
only viable option. The use of high level footings was not possible due to the weak surficial 
soils and the need to found at depth to overcome lateral forces on the building. 
It is understood that the piles for the building were socketed into the underlying Medium 
strength Phyllite rock in order to achieve the required capacities. Some of the lightweight 
ancillary structures were able to found on high level footings. 
Laboratory testing of samples collected from the field investigation comprised; Emerson 
Class Dispersion, pH, Electrical Conductivity, Chloride Content, Sulfate Content, Chromium 
Reducible Sulfur, Resistivity, groundwater aggressiveness analysis, Atterburg limits, Particle 
size distribution. 
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8.2 Brisbane region site B, New Farm, Brisbane, Queensland, Australia. 
This site is located in the suburb of New Farm adjacent to the Brisbane River (Figure 8.2.1). 
The proposed development consists of a four storey residential development with a single 
level basement. At present the site is still in the construction phase with piling works still 
underway. The site used to be a Brisbane City Council (BCC) depot and was classed as a 
contaminated site under the relevant BCC guidelines. This meant that any material removed 
from the site had to be tested prior to it being dumped. 
Figure 8.2.1 – New Farm Site Location 
 
 
The site was chosen as it is an area that is predominantly underlain by soft clays and is the 
type of development that is typical in the area. It has several issues, predominantly regarding 
the closeness of the adjacent properties with respect to the basement excavation. 
The regional geology of the area consists of alluvium overlying the Brisbane Tuff of the late 
Triassic age. According to the Australia 1:100,000 series ‘Brisbane’ Geological Map (sheet 
9543, first edition) the Brisbane Tuff consists of ignimbrite, rhyolitic tuff, conglomerate, 
sandstone and scree breccia. 
The subsurface conditions encountered on the site consisted of 0.5m of fill overlying 15m to 
16m of alluvium which overlies the weathered tuff rock. The alluvium predominantly 
comprised Very soft to Firm silty clays of high plasticity, that generally increased in strength 
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with depth. Lenses of medium dense clayey sand and sandy gravel were also encountered at 
discreet depths throughout the lower levels of the subsurface profile (Table 8.2.2). The 
weathered rock encountered at the base of the boreholes consisted of extremely to highly 
weathered tuff of generally Extremely low strength. The groundwater level on the site was 
2.3m below ground level at the time of the investigation. 
Table 8.2.2 – Site B subsurface profile 
Material BH1 BH2 BH3 
Fill 0.0 – 0.5 0.0 – 0.5 0.0 – 0.2 
Soft Clay 0.5 – 7.5 0.5 – 4.5 0.2 – 4.5 
Firm Clay 7.5 – 8.0 4.5 – 6.0 NE 
Medium Dense Sandy 
Gravel 
8.0 – 9.0 NE NE 
Stiff to Very Stiff Clay 9.0 – 14.7 6.0 – 14.4 4.5 – 16.0 
HW LS Tuff 14.7 – 15.4 14.4 – 15.0 16.0 – 16.37 
NE = Not Encountered 
During the construction of the site, the major issue was the construction of a suitable piling 
platform. This issue was exacerbated by the fact that the upper levels of material overlying 
the soft clays had to be removed from the site, due to contamination, leaving the natural soft 
clays exposed.  
The piling rig required an allowable bearing pressure of 165kPa while travelling and higher 
loads during operation. The allowable bearing capacity of the soft clays encountered onsite 
was assessed to be closer to 30kPa, this necessitated the need for a piling platform to be 
installed (Figure 8.2.3). 
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Figure 8.2.3 – Piling rig platform 
 
A platform of approximately 1.0m thickness was to be utilised to dissipate the load from the 
piling rig. The platform was constructed from crushed rock, placed in layers of approximately 
300mm thickness and track rolled. The rock was of High to Very high strength. 
The foundations for the building were installed using a Banut 700 piling rig which weighed 
approximately 53 tonnes. Approximately 100 driven piles founding on the highly weathered 
Extremely low strength to Low strength tuff rock were installed to support the building. It 
was understood that care would need to be taken when installing the driven piles to ensure 
that no damage occurred to the adjacent buildings. 
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CHAPTER 9 
CASE STUDIES – MALAYSIAN REGION 
 
9.1 Malaysian region site C, Jalan Travers, Kuala Lumpur 
This development consisted of a 25 storey condominium with a 2 level basement and a 10 
storey office building with a four level basement on Lots 2, 48, 49, 51, 59 and 60 Jalan 
Travers, Kuala Lumpur. The total site area is approximately 15,000m2 with each of the 
buildings occupying an area of approximately 7,200m2. The site location is shown in Figure 
9.1.1 below 
Figure 9.1.1 – Jalan Travers Site Location 
 
The geotechnical investigation for the site was undertaken using a total of twenty 100mm 
diameter boreholes to depths of up to 35m using four drilling rigs from United Exploration 
(M) Sdn. Bhd. The fieldwork was supervised by an engineer from Kiso-Jiban Consultants 
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(M) Sdn. Bhd. and the drilling was terminated once the borehole had penetrated a minimum 
of 5m into the underlying weathered rock. 
The load for the structures is approximately 300kPa at the base of the basement excavation 
for the condominium and 150kPa for the 10 storey office building at ground level. Assuming 
each building has an area of 7,200m2, this equates to a load from the buildings of 
approximately 2,160,000kN for the condominium and 1,080,000kN for the office block. 
9.1.1 Subsurface conditions 
The predominant subsurface conditions encountered on the site consisted of: 
• Fill 
• Alluvium 
• Kenny Hill Formation (sandstones and residual soils) 
 
 Fill 
The fill material was encountered in all the boreholes to a depth of between 0.3m and 1.5m 
and it consisted of soft silty clay and loose silty sand.  
Alluvium 
Underlying the fill layer was a layer of alluvium that contained very soft to soft clayey silt, 
firm to stiff clayey silt and loose sand and gravel. This material was encountered to a 
maximum depth of approximately 8.0m and was only encountered in the North eastern 
section of the site. 
Kenny Hill formation 
This formation consists of Carboniferous to Triassic meta-sediments with some quartzite and 
phyllite which are products of metamorphic sandstones and silts (Gue & Tan, 2003). The 
upper layers of this formation are extremely weathered and exhibit the properties of residual 
sandy clay soils. The strength of the material increases with depth although in some of the 
borehole locations the depth of the residual soil profile was up to 20m. 
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9.1.2 Foundations  
The foundations used for the structure consisted of a combination of bored piers and high 
level footings. In the areas where the underlying residual soils of the Kenny Formation were 
close to the surface, the building was supported on a high level raft footing. The office 
building was founded on this type of footing. Due to the higher loads imposed by the 25 
storey building and the presence of some soft clay alluvium this building was piled using 
bored piers. The use of driven piles was considered, but they were deemed unsuitable as it 
was unsure if they could penetrate deep enough into the Kenny Hill formation to achieve 
their rated capacities. The bored piers were designed using 1.0m, 1.5m or 2.0m diameter piers 
socketing depths up to 20m into the Kenny Hill formation. The allowable bearing capacities 
for the piers is shown in Table 9.1.2 below. 
Table 9.1.2 – Allowable Bored Pier Loads (tonnes) 
Socket depth into 
Kenny Hill 
Formation (m) 
1.0m diameter 1.5m diameter 2.0m diameter 
0 
10 
20 
130 
320 
390 
300 
630 
820 
500 
1040 
1280 
 
 
For the above calculation it has been assumed that the pile has to penetrate at least 3.0m of 
the alluvium prior to penetrating the Kenny Hill formation. 
The high level raft used for the office building was founded on the residual material within 
the Kenny Hill formation at the base of the four level basement excavation.  
The soft clays on the site posed an issue whilst excavating the basement as they required 
internal bracing due to their low strength and the adjacent structures prevented the use of soil 
nails. 
Insitu testing for the geotechnical investigation at the site comprised a total of 270 SPT’s, 13 
Pressuremeter tests and 4 permeability tests. 
The laboratory testing comprised a range of tests including water content, specific gravity, 
Unit weight, Atterberg Limits, Particle Size Distribution, Unconfined Compression Test and 
Consolidation testing.  
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9.2 Malaysian region site D, Jalan Cheras, Kuala Lumpur 
This development is located within Jalan Cheras, Kuala Lumpur and consisted of three 17 
storey apartment blocks with a basement. The site was investigated by Gue and Partners Sdn 
Bhd. The site location is shown in Figure 9.2.1 below. 
Figure 9.2.1 – Jalan Cheras site location 
 
The site is underlain by Selangor formation (Malaysian Geological Map) which predominatly 
comprises limestone. This is overlain by alluvial deposits which consist of clays, gravels and 
sands. 
The site was investigated through the use of 26 boreholes to depths ranging from 
approximately 11m to 44m. The subsurface profile encountered on the site consisted of loose 
to dense gravels/sands and soft clays overlying the stiff to hard clays. This was underlain by 
the limestone rocks of the Selangor formation. 
Insitu testing was carried out during the fieldwork programme and consisted of SPT’s whilst 
laboratory testing comprised Triaxial tests, Atterberg limits and Particle Size Distribution 
testing of the upper level soils and cores of the underlying rock were also collected. 
The foundations design for the buildings consisted of both high level and deep foundations as 
the depth to the rock on the site varied from approximately 4m to in excess of 25m. The loads 
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imposed by the columns from the structures also varied significantly from approximately 
2000kN to nearly 20,000kN. In the areas where the rock was relatively shallow and the loads 
sufficiently low enough pad footings were used. This was limited to areas where the depth to 
the rock was no more than 2.0m below the depth of the basement excavation. Where the 
depth to rock was greater than 2.0m and/or there were soft clays a deep foundation was 
adopted. The deep foundations consisted of bored piers socketed into the limestone bedrock. 
The diameter of the bored piles ranged from 0.8m to 1.5m in diameter.  
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CHAPTER 10 
CASE STUDY COMPARISON 
 
10.1 Introduction 
The need to continually build structures on areas underlain by soft clays will be constant as 
the population of the world grows and the amount of available land decreases.  
The two sites from the Brisbane region are underlain by the same geologic formation found 
in many of the developed areas around the mouth of the Brisbane River. These typically 
comprise a combination of fill and/or surficial crust of material overlying the soft clay, which 
extends to varying depths. The soft clay gradually increases in strength to become firm to 
stiff and can have lenses of loose sands and gravels. Underlying the clay is the natural 
bedrock which can be found at depths varying between 10m to 30m.  
Building foundations within the Brisbane region were compared with the foundations 
adopted in the South East Asian region. Malaysia and in particular the area(s) around Kuala 
Lumpur and the Malaysian Peninsular were selected. This area has large regions that are 
underlain by soft clays and there have been many advances made in soft clay engineering in 
this country (Bosch, 1988). 
The two sites selected are within the Kuala Lumpur region of Malaysia and are multistorey 
residential developments, similar to those selected within the Brisbane region. 
The marine clays in this region were placed as part of the Quarternary deposits in the 
Holocene Time Period (Geological Map of Peninsular Malaysia). The thickness and extent of 
the marine clays in this region can vary from 15m on the east coast to 30m on the west coast. 
The underlying bedrock in the selected sites consists of the Kenny Hill formation and the 
Selangor formation. The Kenny Hill formation consists of weathered sandstone and residual 
clay soils whilst the Selangor Formation is comprised of limestone and its derivatives. 
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Both sites have layers of soft alluvial material overlying the natural rock. The depths of the 
alluvial material varies between the sites from several metres to significant depths. Table 
10.1.1 below shows the four selected sites for the case studies, the building types and heights. 
 Table 10.1.1 – Case studies 
Case Study Project Location Height 
A Residential Units Newstead, Brisbane, Australia 16 
B Residential Units New Farm, Brisbane, Australia 4 
C Residential Units Jalan Travers, Kuala Lumpur, Malaysia 25 
D Residential Units Jalan Cheras, Kuala Lumpur, Malaysia 17 
 
The testing regimes used in both the Malaysian region and the Brisbane region are similar, 
however, in the sites investigated, there appears to be a greater amount of insitu investigation 
and laboratory testing in the Malaysian region than in the Brisbane region. Although the 
buildings investigated in Malaysia are larger the number of boreholes for them is more than 
the buildings investigated within the Brisbane region. Table 10.1.2 below shows the number 
of boreholes for each of the investigations. 
Table 10.1.2 – Boreholes per investigation 
Site Approximate 
Area of 
building(s) (m2) 
Number of 
boreholes  
Average 
number of 
boreholes per 
1000m2 
Newstead 2,400 4 1.67 
New Farm  2,500 4 1.60 
Jalan Travers 10,000 20 2 
Jalan Cheras 12,500 26 2.1 
 
As can be seen in Table 10.1.2 above the average number of boreholes per 1000m2 is 2.05 for 
the sites in Malaysia while the average for the Brisbane region is approximately 1.65. This 
equates to nearly 25% more boreholes on the sites within the Malaysian region than the 
Brisbane region. The reasons for the nearly 25% increase in the number of boreholes in the 
Malaysian region is predominantly due to the lower cost of labour than in Brisbane region.  
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Table 10.1.3 – Case study insitu test numbers 
Case Study SPT Permeability Pressuremeter Average per 
1000m2 of site 
A 49 0 0 20.4 
B 41 0 0 16.4 
C 270 4 13 28.7 
D# 260 0 0 20.8 
#
 the number of SPT’s undertaken is based on the standard of 1 SPT per 1.5m of borehole 
depth. 
 
The average number of insitu tests within the boreholes of the two Malaysian region sites is 
24.75 per 1000m2 of site while the average for the two sites within the Brisbane region is 
18.4 per 1000m2 of site (Table 10.1.3). This equates to approximately 35% more insitu tests 
being carried out on the sites in the Malaysian region than in the Brisbane region. 
The Jalan Travers site also had permeability testing and pressuremeter testing carried out as 
part of the field work investigation. Most of these tests were carried out in the site materials 
other than the Soft clays, although one of each test was carried out in the Soft clay. Neither of 
these tests were carried out on the sites within the Brisbane region and would not be 
considered part of the standard suite of tests that would be utilised on these type of sites 
(Avalle, 2007). 
The boreholes drilled on the sites within the Malaysian region were on average deeper than 
the boreholes undertaken on the sites in the Brisbane region. This was because the depth of 
Soft clay at the Malaysian regions is deeper than that in the Brisbane region and the boreholes 
in the Malaysian region also undertook rock coring. Neither of the sites within the Brisbane 
region undertook rock coring of the underlying bedrock and were terminated at washbore 
refusal.  
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10.2 Laboratory testing  
Table 10.2.1 shows the number and type of laboratory tests undertaken at each of the case 
study sites. 
Table 10.2.1 – Case study laboratory test numbers 
Case 
Study 
Atterberg 
Limits 
Particle Size 
Distribution 
Triaxial UCS Specific 
gravity 
Consolidation Total 
number of 
tests per 
1000m2 of 
site 
A 2 1 0 0 0 0 1.25 
B 2 2 0 0 0 0 1.6 
C 12 30 0 4 32 4 8.2 
D# 14 26 6 no no no 3.7 
#
 The exact number of tests for this site is unknown; however based on the experience of Mr 
Dennis Riley who has worked on many similar size and type of investigations in Kuala 
Lumpur an estimate of the number of tests has been provided. The CV of Mr Riley is 
contained in Appendix C. 
 
Other tests carried out as part of the laboratory tests for the above sites were: 
• Emerson Class Dispersion, 
• pH,  
• Electrcial Conductivity,  
• Chloride Content, 
• Sulfate Content,  
• Chromium Reducible Sulfur, 
• Resistivity  
• Groundwater aggressiveness analysis,  
 
These tests are not geotechnical engineering tests, so have not been considered, although it 
must be stressed they are of significant importance to the structural integrity of the building 
design. 
As can be seen in Table 10.2.1 the number of laboratory tests carried out for the projects in 
the Malaysian region is significantly more than the tests carried out within the Brisbane 
region. The sites selected in the Malaysian region also tend to be using tests that are not as 
commonly used at sites within the Brisbane region. This includes Triaxial testing and 
Specific Gravity tests.  
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The number of laboratory tests undertaken for the projects in Malaysia is approximately four 
times more than the tests undertaken for the projects within the Brisbane region.  
The reasons for the extra laboratory testing in the Malaysian region is most likely due to the 
much lower cost of labour in the Malaysian region. Based on information received from Mr 
Dennis Riley (CV attached in Appendix C) laboratory tests are often less than ¼ of the price 
of the same test in the Brisbane region. 
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10.3 Foundations 
The foundations adopted for the case study sites in both Malaysian region and the Brisbane 
region are similar (Table 10.3.1). Both of the regions opt for deep foundations in areas 
underlain by soft clays, which would be considered to be standard practice. The use of either 
bored or driven piers depends on the particular requirements of the structure, ground 
conditions and the preference of the design engineer. If the structure foundation is required to 
resist significant lateral loads, the use of bored piers would be recommended as opposed to 
driven piers. Bored piers are also used when there are layers of sands and gravel overlying 
the bedrock, as the driven piers can refuse on these materials without having reached the 
required depth for suitable founding. 
Table 10.3.1 – Foundations used in case studies 
Case Study Foundations Used in Soft clay area Type 
A Deep Foundation Driven & Bored Piers 
B Deep Foundation Driven Piers 
C Deep Foundation Bored Piers 
D Deep Foundation Bored Piers 
 
Driven piers can also be used in areas where the ground water level is high without the need 
for liners. Using bored piers in these areas generally necessitates the requirement of a liner to 
prevent groundwater washing sediment into the pier hole (Bowles, 1996). 
Driven piers do usually have the advantage of being quicker and therefore cheaper to install 
than bored piers, but they can cause significant vibrations which could damage adjacent 
structures. 
The installation of bored piers is governed to some degree by the weather as the concrete 
cannot usually be poured during the rain, although with the recent advances in concrete mix 
design, this is becoming less of an issue. Driven piles are pre-cast off site and transported to 
the site ready for installation, which reduces the need to stop work during rain. 
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10.4 Summary 
The foundations for the structures in the Malaysian region that are founded on Soft clays 
would be considered to be similar to those used in the Brisbane region. Both of the countries 
tend to use a deep foundation system utilising either bored or driven piers founding in the 
underlying stronger subsurface material. The use of the different deep foundation options is 
primarily related to: 
• The soil profile; 
• The height of the water table; 
• The loads imposed by the structure, and 
• The structural design engineer. 
 
The amount of fieldwork that is undertaken and the subsequent laboratory testing for sites in 
the Malaysian region appears to be significantly more than that used in the Brisbane region. 
One of the possible reasons for this is the lower cost of labour within the Malaysian region 
compared to the Brisbane region. As the average salary in Malaysia is approximately $15,000 
(AUD) which is significantly less than the average salary of $54,000 (AUD) in Australia 
(ABS, 2009 & Walters, 2009).  
The depth of the boreholes at the sites studied in the Malaysian region also appears to be 
deeper than those within the Brisbane region, due not only to the increased thickness of soft 
clay, but because rock coring was also undertaken. It is believed that the cheaper labour costs 
may be the reason for this. 
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CHAPTER 11 
CONCLUSIONS 
11.1 Conclusion 
The purpose of this thesis was to give readers some insight into the foundation types 
available for buildings founded on soft clays in the Brisbane region and how these compare 
to those used in other parts of the world. The means of testing the soft clays and the 
numerous different foundation options available are also described.  
It should be noted that new techniques are being developed for building on soft clays and this 
research project may not list all possible options. However by undertaking a literature review 
of the topic, it is believed that the most common foundation options have been described. 
The conclusions that can be made from this research project are: 
• The soils in the Brisbane region can vary and thus the foundations used can also vary; 
• Buildings of similar type, size and purpose in similar soil conditions, will use a 
similar foundation type, however there can be variations in this foundation type (ie 
different deep foundations being used, CFA, Bored piers); 
• A thorough geotechnical investigation is essential to determine the most cost effective 
foundation solution and this should also include a comprehensive suite of laboratory 
testing; 
• The foundations used by buildings founding on soft clay in the Brisbane region are 
similar to those used in the Malaysian region and could be considered to be ‘world’s 
best practice’.  
• The amount of fieldwork and laboratory testing undertaken for projects in the 
Brisbane region is less than the amount in Malaysia. 
• The depth of the boreholes within the Brisbane region appears to be less than that in 
Malaysia and no rock coring was carried out at the sites within the Brisbane region. 
• Further research work on this topic would provide valuable information regarding 
foundation options for buildings founded on soft clays. This could include: 
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o Focusing on several specific areas around the world and comparing the 
foundations used in these areas, not only to each other but to those used in the 
Brisbane region; 
o Possibly establishing a generic foundation type for a particular subsurface 
profile; 
o Undertaking research into new types of foundations and techniques that can be 
used on soft clays; 
o Analysing more sites within the Malaysian and Brisbane regions to compare 
and contrast. 
After completing this research project it has become even more apparent that further work 
could be undertaken to design new types of foundations that could be used on soft clays. In 
conjunction with this, new methods and techniques for installing current foundations could 
also be implemented. 
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University of Southern Queensland 
FACULTY OF ENGINEERING AND SURVEYING 
ENG 4111/4112 Research Project 
PROJECT SPECIFICATION 
 
FOR:   JAMES DALY 
 
TOPIC: DESIGN, CONSTRUCTION AND PERFORMANCE OF BUILDINGS FOUNDATIONS 
ON SOFT CLAYS IN THE BRISBANE REGION 
 
SUPERVISORS: Trevor Drysdale, USQ 
 
PROJECT AIM:  This project seeks to investigate the problems associated with building 
foundations on soft clay soils in the Brisbane region. The project will consider the design of building 
foundations for soft clay soils and consider the current design practices used for the Brisbane region 
and how these compare with world’s best practice. The project will also investigate and document 
some case studies of problems encountered in the construction and operation of buildings on soft clay 
soils within the Brisbane region. 
 
PROGRAMME:  Issue A, 17th March 2009 
Research the Australian and international background information relating to foundations on soft clay 
soils:  
Distribution and engineering properties of soft clay soils within urban areas  in Australia 
Distribution and past engineering experiences with soft clays within the Brisbane region (the Study 
Area). 
Current design methods for building foundations on soft clays.  
Engineering test methods currently used for soft clays.  
2.  Select cases which can be examined and documented in detail of either complex designs or 
significant construction / operational problems for particular buildings on soft clays. 
3.  Compare world’s best practice for foundation design on soft clay soils with designs carried 
out in the study area over the last 10 years. 
4. Present information and results in required written and oral formats. 
 
As time permits: 
 
RECOMMENDATION 
1.  Analyse costing data to determine typical costs for investigation of foundations of buildings 
on soft clay soils in the Study Area and relate this to possible design recommendations. 
 
AGREED: 
 
___ ___(Student)   ____________TKD_________________________ (Supervisors) 
___ / ___ / ___                           ___ / ___ / ___  _23__ / _03__ / _2010__ 
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Morrison Geotechnic Pty Ltd Engineering Log - Borehole
Borehole No.: BH1
Job Number: 208E/159
Client: Mirvac
Project: Geotechnical Investigation
Location: "Waterfront" Development, Building 81, Byres St, NewsteadDate: 25/11/2008
Easting:
Northing:
RL: 2.50
Total Depth: 34.70
Drilling Rig: Hydrapower Scout
Driller: Geodrill
Logged By: R. Howchin
Page: 1 of 4
A.B.N. 051 009 878 899
PO Box 3063, Darra, QLD 4076
Phone: (07) 3279 0900  Fax: (07) 3279 0955
Comments:
Authorised by: ………………………….
Date: …………………...…...……….…..
Consistency
VS
S
F
St
VSt
H
Very soft
Soft
Firm
Stiff
Very stiff
Hard
Density
VL
L
MD
D
VD
Very loose
Loose
Medium
dense
Dense
Very dense
Rock Strength
ELS
VLS
LS
MS
HS
VHS
EHS
Extremely
low
Very low
Low
Medium
High
Very high
Extremely
high
Tests & Results
U50
D
SPT
PP
S
DC
Undisturbed 50mm diam tube.
Disturbed sample.
Standard Penetration Test, N = number of blows to drive 50mm sampler
300mm with a 63.6kg hammer falling 762mm.
Hand penetrometer estimate of unconfined compressive strength, kPa.
Vane shear value kPa
Dynamic Cone test, 9.09kg hammer, fall 508mm, driving 20mm, 30 deg
taper cone fitted to rods of smaller section.
From AS1289-1993 Methods of Testing Soils for Engineering PurposesMoisture
D  Dry    M  Moist    W  Wet
Weathering
RS
XW
DW
SW
FR
Residual
soil
Extremely
weathered
Distinctly
weathered
Slightly
weathered
Fresh
Water
Water level
on date shown
Water inflow
Water outflow
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2.0
1.0
0.0
-1.0
-2.0
-3.0
-4.0
-5.0
-6.0
-7.0
0.15
1.5
2.8
3.5
5.1
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
Fi
ll
U
pp
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r 
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M
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Cl
a
y
FIL
FIL
FIL
CH
CH
CH
Silty Sandy GRAVEL (GM):
Medium dense, brown, fine to coarse size gravel, fine to 
medium grained sand, with clay layers, wet
Silty Gravelly CLAY (CH):
Soft, high plasticity, dark grey, fine size gravel, wet
Silty CLAY (CH):
Soft, high plasticity, dark grey, fine size gravels 
throughout, wet
Silty CLAY:
Stiff, high plasticity, grey mottled orange brown and 
yellow brown, with sand layers, moist
Silty CLAY:
Firm, high plasticity, dark grey, plant and organic 
material observed, moist to wet
Silty CLAY:
As above, but soft, wet
W
W
W
M
M-W
W
MD
S
S
St
F
S
1
2.5
4
5.5
7
8.5
SPT
SPT
SPT
SPT
SPT
SPT
1,1,1 N=3; 
1.1m PP=50kPa
3,3,2 N=5; 
2.8m PP=150kPa
UWH N=0; 
4.3m PP=60kPa
UWH N=0; 
5.7m PP=40kPa
UWH N=0; 
7.2m PP=30kPa
UWH N=0; 
8.7m PP=30kPa
SW
L 
14
/1
2/
20
08
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Morrison Geotechnic Pty Ltd Engineering Log - Borehole
Borehole No.: BH1
Job Number: 208E/159
Client: Mirvac
Project: Geotechnical Investigation
Location: "Waterfront" Development, Building 81, Byres St, NewsteadDate: 25/11/2008
Easting:
Northing:
RL: 2.50
Total Depth: 34.70
Drilling Rig: Hydrapower Scout
Driller: Geodrill
Logged By: R. Howchin
Page: 2 of 4
A.B.N. 051 009 878 899
PO Box 3063, Darra, QLD 4076
Phone: (07) 3279 0900  Fax: (07) 3279 0955
Comments:
Authorised by: ………………………….
Date: …………………...…...……….…..
Consistency
VS
S
F
St
VSt
H
Very soft
Soft
Firm
Stiff
Very stiff
Hard
Density
VL
L
MD
D
VD
Very loose
Loose
Medium
dense
Dense
Very dense
Rock Strength
ELS
VLS
LS
MS
HS
VHS
EHS
Extremely
low
Very low
Low
Medium
High
Very high
Extremely
high
Tests & Results
U50
D
SPT
PP
S
DC
Undisturbed 50mm diam tube.
Disturbed sample.
Standard Penetration Test, N = number of blows to drive 50mm sampler
300mm with a 63.6kg hammer falling 762mm.
Hand penetrometer estimate of unconfined compressive strength, kPa.
Vane shear value kPa
Dynamic Cone test, 9.09kg hammer, fall 508mm, driving 20mm, 30 deg
taper cone fitted to rods of smaller section.
From AS1289-1993 Methods of Testing Soils for Engineering PurposesMoisture
D  Dry    M  Moist    W  Wet
Weathering
RS
XW
DW
SW
FR
Residual
soil
Extremely
weathered
Distinctly
weathered
Slightly
weathered
Fresh
Water
Water level
on date shown
Water inflow
Water outflow
W
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+
 
TC
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t
-8.0
-9.0
-10.0
-11.0
-12.0
-13.0
-14.0
-15.0
-16.0
-17.0
11.3
17.3
18
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11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
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w
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CH
CH
SC
MH
MH
Silty CLAY:
As above, but soft, wet
Sandy CLAY:
Very stiff, high plasticity, grey mottled orange brown, fine 
to medium grained sand, moist
Clayey SAND:
Loose, grey mottled orange brown, fine to medium 
grained sand, high plasticity fines, some silt layers, wet
Sandy SILT:
Stiff, high plasticity, grey, fine to medium grained sand, 
with clay layers, moist
Sandy SILT:
As above, but with fine size gravel layers
W
M
W
M
M
S
VSt
L
St
St
10
13
16
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SPT
SPT
SPT
BS
SPT
0,1,3 N=4; 
10.2m PP=40kPa
3,5,6 N=11; 
13.4m -
PP=280kPa
4,3,4 N=7
16.2m -
PP=250kPa
Various Lab 
Results - See 
Report
0,1,4 N=5. PP at 
19.1m = 130kPa
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Project: Geotechnical Investigation
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Logged By: R. Howchin
Page: 3 of 4
A.B.N. 051 009 878 899
PO Box 3063, Darra, QLD 4076
Phone: (07) 3279 0900  Fax: (07) 3279 0955
Comments:
Authorised by: ………………………….
Date: …………………...…...……….…..
Consistency
VS
S
F
St
VSt
H
Very soft
Soft
Firm
Stiff
Very stiff
Hard
Density
VL
L
MD
D
VD
Very loose
Loose
Medium
dense
Dense
Very dense
Rock Strength
ELS
VLS
LS
MS
HS
VHS
EHS
Extremely
low
Very low
Low
Medium
High
Very high
Extremely
high
Tests & Results
U50
D
SPT
PP
S
DC
Undisturbed 50mm diam tube.
Disturbed sample.
Standard Penetration Test, N = number of blows to drive 50mm sampler
300mm with a 63.6kg hammer falling 762mm.
Hand penetrometer estimate of unconfined compressive strength, kPa.
Vane shear value kPa
Dynamic Cone test, 9.09kg hammer, fall 508mm, driving 20mm, 30 deg
taper cone fitted to rods of smaller section.
From AS1289-1993 Methods of Testing Soils for Engineering PurposesMoisture
D  Dry    M  Moist    W  Wet
Weathering
RS
XW
DW
SW
FR
Residual
soil
Extremely
weathered
Distinctly
weathered
Slightly
weathered
Fresh
Water
Water level
on date shown
Water inflow
Water outflow
W
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hb
or
e 
+
 
TC
 
bl
ad
e 
bi
t
W
'b
or
e 
+
 
TC
 
ch
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ro
n
 
bi
t
W
'bo
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"
R
o
ck
 
R
o
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r"
 
bi
t
-18.0
-19.0
-20.0
-21.0
-22.0
-23.0
-24.0
-25.0
-26.0
-27.0
23
25.4
28
29.7
21.0
22.0
23.0
24.0
25.0
26.0
27.0
28.0
29.0
30.0
MH
MH
MH
GC
Sandy SILT:
As above, but with fine size gravel layers
Sandy SILT:
As above, but no gravels
Sandy SILT:
As above, but hard, grey and dull green
Clayey Sandy GRAVEL:
Very dense, dark grey and dull green, fine to medium 
size gravel, fine to medium grained sand, high plasticity 
fines, wet
COBBLE AND BOULDER LAYER
M
M
M
W
St
St
H
VD
22
25
28
SPT
SPT
SPT
3,3,4 N=7; 
22.3m PP=180kPa
6,7,11 N=18; 
25.4 PP=450kPa
26, 10/10mm 
N+=300
Tests Sample/ResultDescription W
e
a
th
e
rin
g
M
o
is
tu
re
Co
n
si
st
e
n
cy
 
-
 
D
e
n
si
ty
 
-
 
St
re
n
gt
h
D
C 
Te
st
 
R
e
su
lts
Test
Depth
Drilling Information Material Description Test Samples
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Morrison Geotechnic Pty Ltd Engineering Log - Borehole
Borehole No.: BH1
Job Number: 208E/159
Client: Mirvac
Project: Geotechnical Investigation
Location: "Waterfront" Development, Building 81, Byres St, NewsteadDate: 25/11/2008
Easting:
Northing:
RL: 2.50
Total Depth: 34.70
Drilling Rig: Hydrapower Scout
Driller: Geodrill
Logged By: R. Howchin
Page: 4 of 4
A.B.N. 051 009 878 899
PO Box 3063, Darra, QLD 4076
Phone: (07) 3279 0900  Fax: (07) 3279 0955
Comments:
Authorised by: ………………………….
Date: …………………...…...……….…..
Consistency
VS
S
F
St
VSt
H
Very soft
Soft
Firm
Stiff
Very stiff
Hard
Density
VL
L
MD
D
VD
Very loose
Loose
Medium
dense
Dense
Very dense
Rock Strength
ELS
VLS
LS
MS
HS
VHS
EHS
Extremely
low
Very low
Low
Medium
High
Very high
Extremely
high
Tests & Results
U50
D
SPT
PP
S
DC
Undisturbed 50mm diam tube.
Disturbed sample.
Standard Penetration Test, N = number of blows to drive 50mm sampler
300mm with a 63.6kg hammer falling 762mm.
Hand penetrometer estimate of unconfined compressive strength, kPa.
Vane shear value kPa
Dynamic Cone test, 9.09kg hammer, fall 508mm, driving 20mm, 30 deg
taper cone fitted to rods of smaller section.
From AS1289-1993 Methods of Testing Soils for Engineering PurposesMoisture
D  Dry    M  Moist    W  Wet
Weathering
RS
XW
DW
SW
FR
Residual
soil
Extremely
weathered
Distinctly
weathered
Slightly
weathered
Fresh
Water
Water level
on date shown
Water inflow
Water outflow
W
'b
or
e 
+
 
"
Ro
ck
 
Ro
lle
r"
 
bi
t
-28.0
-29.0
-30.0
-31.0
-32.0
-33.0
-34.0
-35.0
-36.0
-37.0
30
34.2
34.7
31.0
32.0
33.0
34.0
35.0
36.0
37.0
38.0
39.0
40.0
R
o
ck
GC
SLT
Clayey Sandy GRAVEL:
Very dense, dark grey and dull green, fine to medium 
size gravel, fine to medium grained sand, high plasticity 
fines, wet
SILTSTONE:
Medium strength, distinctly weathered, dark grey
34.70m: BOREHOLE 
TERMINATED AT MAX TC BIT 
REFUSAL
DW
W VD
MS
31
34.7
SPT
SPT
25, 10/10mm 
N+=300
15/60mm N+=75 
(fall in, MS rock 
under drilling)
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Morrison Geotechnic Pty Ltd Engineering Log - Borehole
Borehole No.: BH2
Job Number: 208E/159
Client: Mirvac
Project: Geotechnical Investigation
Location: "Waterfront" Development, Building 81, Byres St, NewsteadDate: 08/12/2008
Easting:
Northing:
RL: 2.50
Total Depth: 39.75
Drilling Rig: Hydrapower Scout
Driller: Geodrill
Logged By: R. Howchin
Page: 1 of 4
A.B.N. 051 009 878 899
PO Box 3063, Darra, QLD 4076
Phone: (07) 3279 0900  Fax: (07) 3279 0955
Comments:
Authorised by: ………………………….
Date: …………………...…...……….…..
Consistency
VS
S
F
St
VSt
H
Very soft
Soft
Firm
Stiff
Very stiff
Hard
Density
VL
L
MD
D
VD
Very loose
Loose
Medium
dense
Dense
Very dense
Rock Strength
ELS
VLS
LS
MS
HS
VHS
EHS
Extremely
low
Very low
Low
Medium
High
Very high
Extremely
high
Tests & Results
U50
D
SPT
PP
S
DC
Undisturbed 50mm diam tube.
Disturbed sample.
Standard Penetration Test, N = number of blows to drive 50mm sampler
300mm with a 63.6kg hammer falling 762mm.
Hand penetrometer estimate of unconfined compressive strength, kPa.
Vane shear value kPa
Dynamic Cone test, 9.09kg hammer, fall 508mm, driving 20mm, 30 deg
taper cone fitted to rods of smaller section.
From AS1289-1993 Methods of Testing Soils for Engineering PurposesMoisture
D  Dry    M  Moist    W  Wet
Weathering
RS
XW
DW
SW
FR
Residual
soil
Extremely
weathered
Distinctly
weathered
Slightly
weathered
Fresh
Water
Water level
on date shown
Water inflow
Water outflow
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08
2.0
1.0
0.0
-1.0
-2.0
-3.0
-4.0
-5.0
-6.0
-7.0
2.3
3.6
5
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
Fi
ll
M
a
rin
e
 
Cl
a
y
FIL
FIL
CH
CH
)Sandy Gravelly CLAY (CH
Firm, high plasticity, grey brown, fine to medium size 
gravel, fine to medium grained sand, with gravel layers, 
strong methane odour, moist
)Silty Sandy GRAVEL (GM
Very loose, grey brown, fine to coarse size gravel, fine 
to medium grained sand, wet
Silty CLAY:
Soft, high plasticity, dark grey mottled yellow brown, wet
Silty CLAY:
As above, but dark grey
M
W
W
W
F
VL
S
S
0
1
2.5
4
5.5
7
8.5
BS
SPT
SPT
U50
U50
U50
U50
Various Lab 
Results - See 
Report
1,2,3 N=5. PP at 
1.1m = 60kPa
UWH N=0
4.3m S=16kPa, 
PP=40kPa
5.8m S=16kPa, 
PP=40kPa
7.3m S=13kPa, 
PP=30kPa
8.8m S=16kPa, 
PP=30kPa
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Morrison Geotechnic Pty Ltd Engineering Log - Borehole
Borehole No.: BH2
Job Number: 208E/159
Client: Mirvac
Project: Geotechnical Investigation
Location: "Waterfront" Development, Building 81, Byres St, NewsteadDate: 08/12/2008
Easting:
Northing:
RL: 2.50
Total Depth: 39.75
Drilling Rig: Hydrapower Scout
Driller: Geodrill
Logged By: R. Howchin
Page: 2 of 4
A.B.N. 051 009 878 899
PO Box 3063, Darra, QLD 4076
Phone: (07) 3279 0900  Fax: (07) 3279 0955
Comments:
Authorised by: ………………………….
Date: …………………...…...……….…..
Consistency
VS
S
F
St
VSt
H
Very soft
Soft
Firm
Stiff
Very stiff
Hard
Density
VL
L
MD
D
VD
Very loose
Loose
Medium
dense
Dense
Very dense
Rock Strength
ELS
VLS
LS
MS
HS
VHS
EHS
Extremely
low
Very low
Low
Medium
High
Very high
Extremely
high
Tests & Results
U50
D
SPT
PP
S
DC
Undisturbed 50mm diam tube.
Disturbed sample.
Standard Penetration Test, N = number of blows to drive 50mm sampler
300mm with a 63.6kg hammer falling 762mm.
Hand penetrometer estimate of unconfined compressive strength, kPa.
Vane shear value kPa
Dynamic Cone test, 9.09kg hammer, fall 508mm, driving 20mm, 30 deg
taper cone fitted to rods of smaller section.
From AS1289-1993 Methods of Testing Soils for Engineering PurposesMoisture
D  Dry    M  Moist    W  Wet
Weathering
RS
XW
DW
SW
FR
Residual
soil
Extremely
weathered
Distinctly
weathered
Slightly
weathered
Fresh
Water
Water level
on date shown
Water inflow
Water outflow
W
'b
or
e 
+
 
TC
 
bl
ad
e 
bi
t
-8.0
-9.0
-10.0
-11.0
-12.0
-13.0
-14.0
-15.0
-16.0
-17.0
10
11.4
12.8
15.8
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
Al
luv
iu
m
CH
CH
CH
CH
Silty CLAY:
As above, but organic material including plant and bark 
pieces
Sandy CLAY:
Firm, high plasticity, grey dull green with minor orange 
brown mottling, fine to medium grained sand, moist to 
wet
Silty CLAY:
Very stiff, high plasticity, grey mottled orange brown, 
moist
Silty CLAY:
As above, but hard, with sand layers
W
M-W
M
M
S
F
VSt
H
10
13
16
19
U50
BS
U50
SPT
SPT
10.3m S=12kPa, 
PP=35kPa
Various Lab 
Results - See 
Report
PP=330-380kPa
5,8,10 N=18; 
16.1m -
PP=500kPa
5,7,9 N=16; 
9.1m -
PP=520kPa
11.5
U50 11.8m S=28kPa, 
PP=80kPa
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Morrison Geotechnic Pty Ltd Engineering Log - Borehole
Borehole No.: BH2
Job Number: 208E/159
Client: Mirvac
Project: Geotechnical Investigation
Location: "Waterfront" Development, Building 81, Byres St, NewsteadDate: 08/12/2008
Easting:
Northing:
RL: 2.50
Total Depth: 39.75
Drilling Rig: Hydrapower Scout
Driller: Geodrill
Logged By: R. Howchin
Page: 3 of 4
A.B.N. 051 009 878 899
PO Box 3063, Darra, QLD 4076
Phone: (07) 3279 0900  Fax: (07) 3279 0955
Comments:
Authorised by: ………………………….
Date: …………………...…...……….…..
Consistency
VS
S
F
St
VSt
H
Very soft
Soft
Firm
Stiff
Very stiff
Hard
Density
VL
L
MD
D
VD
Very loose
Loose
Medium
dense
Dense
Very dense
Rock Strength
ELS
VLS
LS
MS
HS
VHS
EHS
Extremely
low
Very low
Low
Medium
High
Very high
Extremely
high
Tests & Results
U50
D
SPT
PP
S
DC
Undisturbed 50mm diam tube.
Disturbed sample.
Standard Penetration Test, N = number of blows to drive 50mm sampler
300mm with a 63.6kg hammer falling 762mm.
Hand penetrometer estimate of unconfined compressive strength, kPa.
Vane shear value kPa
Dynamic Cone test, 9.09kg hammer, fall 508mm, driving 20mm, 30 deg
taper cone fitted to rods of smaller section.
From AS1289-1993 Methods of Testing Soils for Engineering PurposesMoisture
D  Dry    M  Moist    W  Wet
Weathering
RS
XW
DW
SW
FR
Residual
soil
Extremely
weathered
Distinctly
weathered
Slightly
weathered
Fresh
Water
Water level
on date shown
Water inflow
Water outflow
W
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+
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t
-18.0
-19.0
-20.0
-21.0
-22.0
-23.0
-24.0
-25.0
-26.0
-27.0
21
23.9
24.8
26.9
21.0
22.0
23.0
24.0
25.0
26.0
27.0
28.0
29.0
30.0
CH
CH
SM
SM
GM
Silty CLAY:
As above, but hard, with sand layers
Sandy CLAY:
Hard, high plasticity, grey mottled orange brown, fine to 
medium grained sand, with sand lenses, moist
Silty SAND:
Very dense, orange brown mottled red brown, fine to 
coarse grained sand, trace of fine to medium size 
gravel, wet
Silty SAND:
As above, but with gravel layers
Silty Sandy GRAVEL :
Very dense, grey brown, fine to medium size gravel, fine 
to medium grained sand, wet
M
M
W
W
W
H
H
VD
VD
VD
22
25
SPT
SPT
9,12,13 N=25. 
22.1m -
PP=450kPa
11,18,30 N=48
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Morrison Geotechnic Pty Ltd Engineering Log - Borehole
Borehole No.: BH2
Job Number: 208E/159
Client: Mirvac
Project: Geotechnical Investigation
Location: "Waterfront" Development, Building 81, Byres St, NewsteadDate: 08/12/2008
Easting:
Northing:
RL: 2.50
Total Depth: 39.75
Drilling Rig: Hydrapower Scout
Driller: Geodrill
Logged By: R. Howchin
Page: 4 of 4
A.B.N. 051 009 878 899
PO Box 3063, Darra, QLD 4076
Phone: (07) 3279 0900  Fax: (07) 3279 0955
Comments:
Authorised by: ………………………….
Date: …………………...…...……….…..
Consistency
VS
S
F
St
VSt
H
Very soft
Soft
Firm
Stiff
Very stiff
Hard
Density
VL
L
MD
D
VD
Very loose
Loose
Medium
dense
Dense
Very dense
Rock Strength
ELS
VLS
LS
MS
HS
VHS
EHS
Extremely
low
Very low
Low
Medium
High
Very high
Extremely
high
Tests & Results
U50
D
SPT
PP
S
DC
Undisturbed 50mm diam tube.
Disturbed sample.
Standard Penetration Test, N = number of blows to drive 50mm sampler
300mm with a 63.6kg hammer falling 762mm.
Hand penetrometer estimate of unconfined compressive strength, kPa.
Vane shear value kPa
Dynamic Cone test, 9.09kg hammer, fall 508mm, driving 20mm, 30 deg
taper cone fitted to rods of smaller section.
From AS1289-1993 Methods of Testing Soils for Engineering PurposesMoisture
D  Dry    M  Moist    W  Wet
Weathering
RS
XW
DW
SW
FR
Residual
soil
Extremely
weathered
Distinctly
weathered
Slightly
weathered
Fresh
Water
Water level
on date shown
Water inflow
Water outflow
W
'b
or
e 
+
 
TC
 
ch
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n
 
bi
t
-28.0
-29.0
-30.0
-31.0
-32.0
-33.0
-34.0
-35.0
-36.0
-37.0
36.1
39.75
31.0
32.0
33.0
34.0
35.0
36.0
37.0
38.0
39.0
40.0
R
o
ck
GM
PHY
Silty Sandy GRAVEL :
Very dense, grey brown, fine to medium size gravel, fine 
to medium grained sand, wet
PHYLLITE:
Medium strength, distinctly weathered, grey and dull 
green mottled orange brown
(NO SPT TESTS POSSIBLE IN PHYLLITE DUE TO 
FALL IN FROM THE GRAVEL SOIL PROFILE 
DIRECLTY ABOVE THE ROCK SURFACE, ROCK 
STRENGTH ESTIMATED FROM VERY SLOW 
DRILLING RATES)
39.75m: BOREHOLE 
TERMINATED
DW
W VD
MS
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Morrison Geotechnic Pty Ltd Engineering Log - Borehole
Borehole No.: BH3
Job Number: 208E/159
Client: Mirvac
Project: Geotechnical Investigation
Location: "Waterfront" Development, Building 81, Byres St, NewsteadDate: 26/11/2008
Easting:
Northing:
RL: 2.50
Total Depth: 29.17
Drilling Rig: Hydrapower Scout
Driller: Geodrill
Logged By: R. Howchin
Page: 1 of 3
A.B.N. 051 009 878 899
PO Box 3063, Darra, QLD 4076
Phone: (07) 3279 0900  Fax: (07) 3279 0955
Comments:
Authorised by: ………………………….
Date: …………………...…...……….…..
Consistency
VS
S
F
St
VSt
H
Very soft
Soft
Firm
Stiff
Very stiff
Hard
Density
VL
L
MD
D
VD
Very loose
Loose
Medium
dense
Dense
Very dense
Rock Strength
ELS
VLS
LS
MS
HS
VHS
EHS
Extremely
low
Very low
Low
Medium
High
Very high
Extremely
high
Tests & Results
U50
D
SPT
PP
S
DC
Undisturbed 50mm diam tube.
Disturbed sample.
Standard Penetration Test, N = number of blows to drive 50mm sampler
300mm with a 63.6kg hammer falling 762mm.
Hand penetrometer estimate of unconfined compressive strength, kPa.
Vane shear value kPa
Dynamic Cone test, 9.09kg hammer, fall 508mm, driving 20mm, 30 deg
taper cone fitted to rods of smaller section.
From AS1289-1993 Methods of Testing Soils for Engineering PurposesMoisture
D  Dry    M  Moist    W  Wet
Weathering
RS
XW
DW
SW
FR
Residual
soil
Extremely
weathered
Distinctly
weathered
Slightly
weathered
Fresh
Water
Water level
on date shown
Water inflow
Water outflow
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2.0
1.0
0.0
-1.0
-2.0
-3.0
-4.0
-5.0
-6.0
-7.0
1.2
3
4
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
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U
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m
M
a
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e
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a
y
FIL
FIL
CH
CH
Clayey Sandy GRAVEL (GC):
Medium dense, orange brown, fine to coarse size 
gravel, fine to medium grained sand, high plasticity 
fines, wet
Clayey Sandy GRAVEL (GC):
As above, but with siltstone layers
Silty CLAY:
Stiff, high plasticity, grey mottled orange brown, with 
sand layers, some plant and root material, moist
Silty CLAY:
Soft, high plasticity, dark grey mottled yellow brown, wet
W
W
M
W
MD
MD
St
S
1
2.5
3.1
4
5.5
8.5
SPT
SPT
PP
SPT
SPT
SPT
5,6,6 N=12
8,6,9 N=15; 
2.7m - PP=450kPa
150kPa
UWH N=0; 
4.2m - PP=50kPa
0,0,1 N=1; 
5.7m - PP=50kPa
UWH N=0; 
8.7m - PP=40kPa
Tests Sample/ResultDescription W
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Morrison Geotechnic Pty Ltd Engineering Log - Borehole
Borehole No.: BH3
Job Number: 208E/159
Client: Mirvac
Project: Geotechnical Investigation
Location: "Waterfront" Development, Building 81, Byres St, NewsteadDate: 26/11/2008
Easting:
Northing:
RL: 2.50
Total Depth: 29.17
Drilling Rig: Hydrapower Scout
Driller: Geodrill
Logged By: R. Howchin
Page: 2 of 3
A.B.N. 051 009 878 899
PO Box 3063, Darra, QLD 4076
Phone: (07) 3279 0900  Fax: (07) 3279 0955
Comments:
Authorised by: ………………………….
Date: …………………...…...……….…..
Consistency
VS
S
F
St
VSt
H
Very soft
Soft
Firm
Stiff
Very stiff
Hard
Density
VL
L
MD
D
VD
Very loose
Loose
Medium
dense
Dense
Very dense
Rock Strength
ELS
VLS
LS
MS
HS
VHS
EHS
Extremely
low
Very low
Low
Medium
High
Very high
Extremely
high
Tests & Results
U50
D
SPT
PP
S
DC
Undisturbed 50mm diam tube.
Disturbed sample.
Standard Penetration Test, N = number of blows to drive 50mm sampler
300mm with a 63.6kg hammer falling 762mm.
Hand penetrometer estimate of unconfined compressive strength, kPa.
Vane shear value kPa
Dynamic Cone test, 9.09kg hammer, fall 508mm, driving 20mm, 30 deg
taper cone fitted to rods of smaller section.
From AS1289-1993 Methods of Testing Soils for Engineering PurposesMoisture
D  Dry    M  Moist    W  Wet
Weathering
RS
XW
DW
SW
FR
Residual
soil
Extremely
weathered
Distinctly
weathered
Slightly
weathered
Fresh
Water
Water level
on date shown
Water inflow
Water outflow
W
'b
or
e 
+
 
TC
 
bl
ad
e 
bi
t
-8.0
-9.0
-10.0
-11.0
-12.0
-13.0
-14.0
-15.0
-16.0
-17.0
13
16.8
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
M
a
rin
e
 
Cl
a
y
Lo
w
e
r 
Al
luv
iu
m
CH
CH
MH
Silty CLAY:
Soft, high plasticity, dark grey mottled yellow brown, wet
Silty CLAY:
Very stiff, high plasticity, grey mottled orange brown, 
with organic material, moist
Sandy SILT:
Stiff, high plasticity, grey mottled orange brown, with 
sand layers, organic material, moist
W
M
M
S
VSt
St
11.5
14.5
17.5
SPT
SPT
SPT
UWH N=0; 
11.7m PP=40kPa
3,4,6 N=10; 
14.7m -
PP=250kPa
4,10,10 N=20; 
17.7m -
PP=180kPa
Tests Sample/ResultDescription W
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Depth
Drilling Information Material Description Test Samples
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Morrison Geotechnic Pty Ltd Engineering Log - Borehole
Borehole No.: BH3
Job Number: 208E/159
Client: Mirvac
Project: Geotechnical Investigation
Location: "Waterfront" Development, Building 81, Byres St, NewsteadDate: 26/11/2008
Easting:
Northing:
RL: 2.50
Total Depth: 29.17
Drilling Rig: Hydrapower Scout
Driller: Geodrill
Logged By: R. Howchin
Page: 3 of 3
A.B.N. 051 009 878 899
PO Box 3063, Darra, QLD 4076
Phone: (07) 3279 0900  Fax: (07) 3279 0955
Comments:
Authorised by: ………………………….
Date: …………………...…...……….…..
Consistency
VS
S
F
St
VSt
H
Very soft
Soft
Firm
Stiff
Very stiff
Hard
Density
VL
L
MD
D
VD
Very loose
Loose
Medium
dense
Dense
Very dense
Rock Strength
ELS
VLS
LS
MS
HS
VHS
EHS
Extremely
low
Very low
Low
Medium
High
Very high
Extremely
high
Tests & Results
U50
D
SPT
PP
S
DC
Undisturbed 50mm diam tube.
Disturbed sample.
Standard Penetration Test, N = number of blows to drive 50mm sampler
300mm with a 63.6kg hammer falling 762mm.
Hand penetrometer estimate of unconfined compressive strength, kPa.
Vane shear value kPa
Dynamic Cone test, 9.09kg hammer, fall 508mm, driving 20mm, 30 deg
taper cone fitted to rods of smaller section.
From AS1289-1993 Methods of Testing Soils for Engineering PurposesMoisture
D  Dry    M  Moist    W  Wet
Weathering
RS
XW
DW
SW
FR
Residual
soil
Extremely
weathered
Distinctly
weathered
Slightly
weathered
Fresh
Water
Water level
on date shown
Water inflow
Water outflow
W
'b
or
e 
+
 
TC
 
bl
ad
e 
bi
t
W
'b
or
e 
+
 
TC
 
ch
ev
ro
n
 
bi
t
-18.0
-19.0
-20.0
-21.0
-22.0
-23.0
-24.0
-25.0
-26.0
-27.0
22
25.5
26.4
26.8
28.2
29.17
21.0
22.0
23.0
24.0
25.0
26.0
27.0
28.0
29.0
30.0
MH
MH
CH
SC
CH
GC
Sandy SILT:
Stiff, high plasticity, grey mottled orange brown, with 
sand layers, organic material, moist
Sandy SILT:
As above, but trace of fine size gravel
Sandy CLAY:
Stiff, high plasticity, dark grey, fine to medium grained 
sand, moist
Clayey Gravelly SAND:
Medium dense, grey mottled white, fine to coarse 
grained sand, fine size gravel, high plasticity fines, wet
Sandy CLAY:
Hard, high plasticity, dark grey, fine to medium grained 
sand, with gravel layers, moist
Clayey Sandy GRAVEL:
Very dense, grey, fine to medium size gravel, fine to 
medium grained sand, high plasticity fines, wet
29.17m: BOREHOLE 
TERMINATED
M
M
M
W
M
W
St
St
St
MD
H
VD
20.5
23.5
26.5
29
SPT
SPT
SPT
SPT
4,1,3 N=4; 20.7m 
PP=120kPa
3,6,7 N=13; 23.7m  
-PP=140kPa
7,18,9 N=27; 
26.8m -
PP=450kPa
25,15/20mm 
N+=225
Tests Sample/ResultDescription W
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Drilling Information Material Description Test Samples
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Morrison Geotechnic Pty Ltd Engineering Log - Borehole
Borehole No.: BH4
Job Number: 208E/159
Client: Mirvac
Project: Geotechnical Investigation
Location:"Waterfront" Development, Building 81, Byres St, NewsteadDate: 24/11/2008
Easting:
Northing:
RL: 2.50
Total Depth: 35.11
Drilling Rig: Hydrapower Scout
Driller: Geodrill
Logged By: R. Howchin
Page: 1 of 4
A.B.N. 051 009 878 899
PO Box 3063, Darra, QLD 4076
Phone: (07) 3279 0900  Fax: (07) 3279 0955
Comments:
Authorised by: ………………………….
Date: …………………...…...……….…..
Consistency
VS
S
F
St
VSt
H
Very soft
Soft
Firm
Stiff
Very stiff
Hard
Density
VL
L
MD
D
VD
Very loose
Loose
Medium
dense
Dense
Very dense
Rock Strength
ELS
VLS
LS
MS
HS
VHS
EHS
Extremely
low
Very low
Low
Medium
High
Very high
Extremely
high
Tests & Results
U50
D
SPT
PP
S
DC
Undisturbed 50mm diam tube.
Disturbed sample.
Standard Penetration Test, N = number of blows to drive 50mm sampler
300mm with a 63.6kg hammer falling 762mm.
Hand penetrometer estimate of unconfined compressive strength, kPa.
Vane shear value kPa
Dynamic Cone test, 9.09kg hammer, fall 508mm, driving 20mm, 30 deg
taper cone fitted to rods of smaller section.
From AS1289-1993 Methods of Testing Soils for Engineering PurposesMoisture
D  Dry    M  Moist    W  Wet
Weathering
RS
XW
DW
SW
FR
Residual
soil
Extremely
weathered
Distinctly
weathered
Slightly
weathered
Fresh
Water
Water level
on date shown
Water inflow
Water outflow
TC
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t
W
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hb
or
e 
+
 
TC
 
ch
ev
ro
n
 
bi
t
W
'b
or
e 
+
 
TC
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ad
e 
bi
t
2.0
1.0
0.0
-1.0
-2.0
-3.0
-4.0
-5.0
-6.0
-7.0
2.1
2.75
3.3
5.2
8
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
Fi
ll
U
pp
e
r 
Al
luv
iu
m
M
a
rin
e
 
Cl
a
y
FIL
FIL
CH
CH
CH
CH
Silty Sandy GRAVEL (GM):
Medium dense, brown, fine to coarse size gravel, fine to 
medium grained sand, with clay layers, wet
Sandy Gravelly CLAY (CH):
Stiff, high plasticity, grey brown to black, fine size gravel, 
fine to medium grained sand, moist
Silty CLAY:
Stiff, high plasticity, grey mottled orange brown, moist
Silty CLAY:
As above, but firm, dark grey mottled orange brown and 
yellow brown, moist to wet
Silty CLAY:
Soft, high plasticity, dark grey, with fine to medium 
grained sand, organic material, wet
Silty CLAY:
As above, but very soft
W
M
M
M-W
W
W
MD
St
St
F
S
VS
0
1
2.1
2.5
4
5.5
7
7.5
8.5
BS
SPT
PP
SPT
SPT
SPT
SPT
BS
SPT
Various Lab 
Results - See 
Report
10,13,14 N=27
150kPa
5,5,4 N=9;   2.75m 
-PP=180kPa
1,1,1 N=3;       
4.2m - PP=85kPa
UWH N=0; 5.7m -
PP=40kPa
UWH N=0, 7.1m -
PP=30kPa
Various Lab 
Results - See 
Report
UWH N=0; 8.5m -
PP=25kPa
Tests Sample/ResultDescription W
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a
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e
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g
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Morrison Geotechnic Pty Ltd Engineering Log - Borehole
Borehole No.: BH1
Job Number: 208E/159
Client: Mirvac
Project: Geotechnical Investigation
Location: "Waterfront" Development, Building 81, Byres St, NewsteadDate: 25/11/2008
Easting:
Northing:
RL: 2.50
Total Depth: 34.70
Drilling Rig: Hydrapower Scout
Driller: Geodrill
Logged By: R. Howchin
Page: 2 of 4
A.B.N. 051 009 878 899
PO Box 3063, Darra, QLD 4076
Phone: (07) 3279 0900  Fax: (07) 3279 0955
Comments:
Authorised by: ………………………….
Date: …………………...…...……….…..
Consistency
VS
S
F
St
VSt
H
Very soft
Soft
Firm
Stiff
Very stiff
Hard
Density
VL
L
MD
D
VD
Very loose
Loose
Medium
dense
Dense
Very dense
Rock Strength
ELS
VLS
LS
MS
HS
VHS
EHS
Extremely
low
Very low
Low
Medium
High
Very high
Extremely
high
Tests & Results
U50
D
SPT
PP
S
DC
Undisturbed 50mm diam tube.
Disturbed sample.
Standard Penetration Test, N = number of blows to drive 50mm sampler
300mm with a 63.6kg hammer falling 762mm.
Hand penetrometer estimate of unconfined compressive strength, kPa.
Vane shear value kPa
Dynamic Cone test, 9.09kg hammer, fall 508mm, driving 20mm, 30 deg
taper cone fitted to rods of smaller section.
From AS1289-1993 Methods of Testing Soils for Engineering PurposesMoisture
D  Dry    M  Moist    W  Wet
Weathering
RS
XW
DW
SW
FR
Residual
soil
Extremely
weathered
Distinctly
weathered
Slightly
weathered
Fresh
Water
Water level
on date shown
Water inflow
Water outflow
W
as
hb
or
e 
+
 
TC
 
bl
ad
e 
bi
t
-8.0
-9.0
-10.0
-11.0
-12.0
-13.0
-14.0
-15.0
-16.0
-17.0
11.3
17.3
18
19
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
Lo
w
e
r 
Al
luv
iu
m
CH
CH
SC
MH
MH
Silty CLAY:
As above, but soft, wet
Sandy CLAY:
Very stiff, high plasticity, grey mottled orange brown, fine 
to medium grained sand, moist
Clayey SAND:
Loose, grey mottled orange brown, fine to medium 
grained sand, high plasticity fines, some silt layers, wet
Sandy SILT:
Stiff, high plasticity, grey, fine to medium grained sand, 
with clay layers, moist
Sandy SILT:
As above, but with fine size gravel layers
W
M
W
M
M
S
VSt
L
St
St
10
13
16
18
19
SPT
SPT
SPT
BS
SPT
0,1,3 N=4; 
10.2m PP=40kPa
3,5,6 N=11; 
13.4m -
PP=280kPa
4,3,4 N=7
16.2m -
PP=250kPa
Various Lab 
Results - See 
Report
0,1,4 N=5. PP at 
19.1m = 130kPa
Tests Sample/ResultDescription W
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Drilling Information Material Description Test Samples
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Morrison Geotechnic Pty Ltd Engineering Log - Borehole
Borehole No.: BH4
Job Number: 208E/159
Client: Mirvac
Project: Geotechnical Investigation
Location: "Waterfront" Development, Building 81, Byres St, NewsteadDate: 24/11/2008
Easting:
Northing:
RL: 2.50
Total Depth: 35.11
Drilling Rig: Hydrapower Scout
Driller: Geodrill
Logged By: R. Howchin
Page: 3 of 4
A.B.N. 051 009 878 899
PO Box 3063, Darra, QLD 4076
Phone: (07) 3279 0900  Fax: (07) 3279 0955
Comments:
Authorised by: ………………………….
Date: …………………...…...……….…..
Consistency
VS
S
F
St
VSt
H
Very soft
Soft
Firm
Stiff
Very stiff
Hard
Density
VL
L
MD
D
VD
Very loose
Loose
Medium
dense
Dense
Very dense
Rock Strength
ELS
VLS
LS
MS
HS
VHS
EHS
Extremely
low
Very low
Low
Medium
High
Very high
Extremely
high
Tests & Results
U50
D
SPT
PP
S
DC
Undisturbed 50mm diam tube.
Disturbed sample.
Standard Penetration Test, N = number of blows to drive 50mm sampler
300mm with a 63.6kg hammer falling 762mm.
Hand penetrometer estimate of unconfined compressive strength, kPa.
Vane shear value kPa
Dynamic Cone test, 9.09kg hammer, fall 508mm, driving 20mm, 30 deg
taper cone fitted to rods of smaller section.
From AS1289-1993 Methods of Testing Soils for Engineering PurposesMoisture
D  Dry    M  Moist    W  Wet
Weathering
RS
XW
DW
SW
FR
Residual
soil
Extremely
weathered
Distinctly
weathered
Slightly
weathered
Fresh
Water
Water level
on date shown
Water inflow
Water outflow
W
'b
or
e 
+
 
TC
 
bl
ad
e 
bi
t
W
'b
or
e 
+
 
TC
 
ch
ev
ro
n
 
bi
t
-18.0
-19.0
-20.0
-21.0
-22.0
-23.0
-24.0
-25.0
-26.0
-27.0
20.7
22.5
26
28.5
21.0
22.0
23.0
24.0
25.0
26.0
27.0
28.0
29.0
30.0
MH
SM
MH
SM
GC
Sandy SILT:
As above, but with clay layers
Silty SAND:
Dense, orange brown mottled red brown, fine to medium 
grained sand, wet
Sandy SILT:
Stiff, high plasticity, grey, fine to medium grained sand, 
with clay layers, moist
Silty SAND:
Dense, orange brown mottled red brown, fine to medium 
grained sand, wet
Clayey Sandy GRAVEL:
Dense, grey, fine to coarse size gravel, fine to medium 
grained sand, high plasticity fines, wet
M
W
M
W
W
St
D
St
D
D
20.5
23.5
26.5
29.5
SPT
SPT
SPT
SPT
12,19,14 N=33. 
20.6m -
PP=130kPa
9,8,9 N=17. 23.6m 
- PP=130kPa
13,18,21 N=39
5,15,18 N=33
Tests Sample/ResultDescription W
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Drilling Information Material Description Test Samples
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Morrison Geotechnic Pty Ltd Engineering Log - Borehole
Borehole No.: BH4
Job Number: 208E/159
Client: Mirvac
Project: Geotechnical Investigation
Location: "Waterfront" Development, Building 81, Byres St, NewsteadDate: 24/11/2008
Easting:
Northing:
RL: 2.50
Total Depth: 35.11
Drilling Rig: Hydrapower Scout
Driller: Geodrill
Logged By: R. Howchin
Page: 4 of 4
A.B.N. 051 009 878 899
PO Box 3063, Darra, QLD 4076
Phone: (07) 3279 0900  Fax: (07) 3279 0955
Comments:
Authorised by: ………………………….
Date: …………………...…...……….…..
Consistency
VS
S
F
St
VSt
H
Very soft
Soft
Firm
Stiff
Very stiff
Hard
Density
VL
L
MD
D
VD
Very loose
Loose
Medium
dense
Dense
Very dense
Rock Strength
ELS
VLS
LS
MS
HS
VHS
EHS
Extremely
low
Very low
Low
Medium
High
Very high
Extremely
high
Tests & Results
U50
D
SPT
PP
S
DC
Undisturbed 50mm diam tube.
Disturbed sample.
Standard Penetration Test, N = number of blows to drive 50mm sampler
300mm with a 63.6kg hammer falling 762mm.
Hand penetrometer estimate of unconfined compressive strength, kPa.
Vane shear value kPa
Dynamic Cone test, 9.09kg hammer, fall 508mm, driving 20mm, 30 deg
taper cone fitted to rods of smaller section.
From AS1289-1993 Methods of Testing Soils for Engineering PurposesMoisture
D  Dry    M  Moist    W  Wet
Weathering
RS
XW
DW
SW
FR
Residual
soil
Extremely
weathered
Distinctly
weathered
Slightly
weathered
Fresh
Water
Water level
on date shown
Water inflow
Water outflow
W
'b
or
e 
+
 
TC
 
ch
ev
ro
n
 
bi
t
-28.0
-29.0
-30.0
-31.0
-32.0
-33.0
-34.0
-35.0
-36.0
-37.0
31
35.08
35.11
31.0
32.0
33.0
34.0
35.0
36.0
37.0
38.0
39.0
40.0
R o
GC
GP
SLT
Clayey Sandy GRAVEL:
Dense, grey, fine to coarse size gravel, fine to medium 
grained sand, high plasticity fines, wet
GRAVEL:
Very dense, grey brown, fine to coarse size gravel, wet
SILTSTONE:
High strength, slightly weathered, grey
35.11m: BOREHOLE 
TERMINATED AT MAX TC BIT 
REFUSAL
SW
W
W
D
VD
HS
32.5
SPT 17,30/130mm N+=70
81 
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Morrison Geotechnic Pty Ltd Engineering Log - Borehole
Borehole No.: BH1
Job Number: DE10/007
Client: Butterfield Projects Pty Ltd
Project: Proposed Four Storey Development
Location: 145 Sydney Street, New FarmDate: 18/01/2010
Easting:
Northing:
RL: 2.30
Total Depth: 15.38
Drilling Rig: 10t Track-Mounted Rig
Driller: Drillsure Pty Ltd
Logged By: S.Rea
Page: 1 of 2
A.B.N. 051 009 878 899
PO Box 3063, Darra, QLD 4076
Phone: (07) 3279 0900  Fax: (07) 3279 0955
10
t T
ra
ck
-
M
o
u
n
te
d 
R
ig
 
w
ith
 
10
0m
m
 
Au
ge
r
SW
L 
30
/0
1/
20
10
2.0
1.0
0.0
-1.0
0.5
1.7
2.5
3
1.0
2.0
3.0
4.0
Fi
ll
Al
lu
viu
m
FIL
CH
CH
CH
CH
Silty SAND:
Grey-brown, dry, medium dense.
Silty CLAY:
Dark brown-grey, moist, soft, high plasticity.
Silty CLAY:
As above, except stiff, with a mild organic odour.
Silty CLAY:
As above, except very soft.
Silty CLAY:
As above, except wet with a strong organic odour.  
Contains decomposing organic matter.
D
M
M
M
W
MD
S
St
VS
VS
1.7
3
1.5
PP
PP
SPT
SPT
100-110kPa
10kPa
(1,1,2) N=3
(Hammer Weight) 
N=<1
Comments:
Authorised by: ………………………….
Date: ……26/ 02/ 2010..…...……….…..
Consistency
VS
S
F
St
VSt
H
Very soft
Soft
Firm
Stiff
Very stiff
Hard
Density
VL
L
MD
D
VD
Very loose
Loose
Medium
dense
Dense
Very dense
Rock Strength
ELS
VLS
LS
MS
HS
VHS
EHS
Extremely
low
Very low
Low
Medium
High
Very high
Extremely
high
Tests & Results
U50
D
SPT
PP
S
DC
Undisturbed 50mm diam tube.
Disturbed sample.
Standard Penetration Test, N = number of blows to drive 50mm sampler
300mm with a 63.6kg hammer falling 762mm.
Hand penetrometer estimate of unconfined compressive strength, kPa.
Vane shear value kPa
Dynamic Cone test, 9.09kg hammer, fall 508mm, driving 20mm, 30 deg
taper cone fitted to rods of smaller section.
From AS1289-1993 Methods of Testing Soils for Engineering PurposesMoisture
D  Dry    M  Moist    W  Wet
Weathering
RS
XW
DW
SW
FR
Residual
soil
Extremely
weathered
Distinctly
weathered
Slightly
weathered
Fresh
Water
Water level
on date shown
Water inflow
Water outflow
10
t T
ra
ck
-
M
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u
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R
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w
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10
0m
m
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ge
r
W
a
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re
SW
L 
30
/0
1/
20
10
-2.0
-3.0
-4.0
-5.0
-6.0
4.5
6
7.5
8
5.0
6.0
7.0
8.0
Fi
ll
Al
lu
viu
m
CH
CI
CI
GP
Silty CLAY:
As above, except very soft to firm.
Sandy Silty CLAY:
Grey to grey-brown, moist to wet, firm, intermediate 
plasticity.  Sand is very fine to fine grained.
Silty CLAY:
Grey, moist, very stiff, intermediate plasticity.
Sandy GRAVEL:
Various coloured sand and gravel, sand is fine to coarse 
grained, gravel is dominantly fine grained.  Observed in 
washbore fluid only, density cannot be inferred.
W
M-W
M
W
VS-F
F
VSt
MD
4.5
6
7.5
PP
PP
PP
SPT
SPT
SPT
20-70kPa
50-100kPa
240-260kPa
(Hammer Weight) 
N=<1
(1,1,2) N=3
(2,4,3) N=7
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Morrison Geotechnic Pty Ltd Engineering Log - Borehole
Borehole No.: BH1
Job Number: DE10/007
Client: Butterfield Projects Pty Ltd
Project: Proposed Four Storey Development
Location: 145 Sydney Street, New FarmDate: 18/01/2010
Easting:
Northing:
RL: 2.30
Total Depth: 15.38
Drilling Rig: 10t Track-Mounted Rig
Driller: Drillsure Pty Ltd
Logged By: S.Rea
Page: 2 of 2
A.B.N. 051 009 878 899
PO Box 3063, Darra, QLD 4076
Phone: (07) 3279 0900  Fax: (07) 3279 0955
W
a
sh
bo
re
-7.0
-8.0
-9.0
-10.0
8.5
9
10.5
9.0
10.0
11.0
12.0
GP
CI
CI
CI
Sandy GRAVEL:
Various coloured sand and gravel, sand is fine to coarse 
grained, gravel is dominantly fine grained.  Observed in 
washbore fluid only, density cannot be inferred.
Silty CLAY:
Grey with red mottles, moist, very stiff, intermediate 
plasticity, with traces of medium to coarse sand.
Sandy Silty CLAY:
Pale grey with yellow-brown mottles, moist, hard, 
intermediate plasticity, minor slickensides. 
Sandy Silty CLAY:
As above, except very stiff.
W
M
M
M
MD
VSt
H
VSt
9
10.5
12
PP
PP
PP
SPT
SPT
SPT
440kPa
240-260kPa
280kPa
(3,4,6) N=10
(5,9,8) N=17
(3,5,7) N=12
Comments:
Authorised by: ………………………….
Date: ……26/ 02/ 2010..…...……….…..
Consistency
VS
S
F
St
VSt
H
Very soft
Soft
Firm
Stiff
Very stiff
Hard
Density
VL
L
MD
D
VD
Very loose
Loose
Medium
dense
Dense
Very dense
Rock Strength
ELS
VLS
LS
MS
HS
VHS
EHS
Extremely
low
Very low
Low
Medium
High
Very high
Extremely
high
Tests & Results
U50
D
SPT
PP
S
DC
Undisturbed 50mm diam tube.
Disturbed sample.
Standard Penetration Test, N = number of blows to drive 50mm sampler
300mm with a 63.6kg hammer falling 762mm.
Hand penetrometer estimate of unconfined compressive strength, kPa.
Vane shear value kPa
Dynamic Cone test, 9.09kg hammer, fall 508mm, driving 20mm, 30 deg
taper cone fitted to rods of smaller section.
From AS1289-1993 Methods of Testing Soils for Engineering PurposesMoisture
D  Dry    M  Moist    W  Wet
Weathering
RS
XW
DW
SW
FR
Residual
soil
Extremely
weathered
Distinctly
weathered
Slightly
weathered
Fresh
Water
Water level
on date shown
Water inflow
Water outflow
W
a
sh
bo
re
-11.0
-12.0
-13.0
-14.0
13.5
14.7
15.375
13.0
14.0
15.0
16.0
Ro
ck
CI
TFF
Silty CLAY:
Pale grey with yellow-brown mottles, moist, stiff to very 
stiff, intermediate plasticity, minor slickensides. 
TUFF:
Grey-purple, very fine grained, thinly banded, low 
strength.  SPT Hammer bounced on surface, limited 
penetration.
15.38m: BOREHOLE TERMINATED
HW
M St-VSt
LS
13.5
15
PP
SPT
SPT
150-250kPa
(5,7,9) N=16
(20,20,30/75) N=80
Drilling Information Material Description Test Samples
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Morrison Geotechnic Pty Ltd Engineering Log - Borehole
Borehole No.: BH2
Job Number: DE10/007
Client: Butterfield Projects Pty Ltd
Project: Proposed Four Storey Development
Location: 145 Sydney Street, New FarmDate: 18/01/2010
Easting:
Northing:
RL: 2.80
Total Depth: 15.00
Drilling Rig: 10t Track-Mounted Rig
Driller: Drillsure Pty Ltd
Logged By: S.Rea
Page: 1 of 2
A.B.N. 051 009 878 899
PO Box 3063, Darra, QLD 4076
Phone: (07) 3279 0900  Fax: (07) 3279 0955
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Silty SAND:
Grey-brown, dry, medium dense.
Sandy Silty CLAY:
Dark grey-black, moist, soft, intermediate plasticity, sand 
is medium to coarse.
Silty CLAY:
Dark grey-brown, moist, firm, high plasticity, sparse sand.
Silty CLAY:
As above, except very soft to soft, moist to wet, with 
strong organic odour.
D
M
M
M-W
MD
S
F
VS-S
0.5
1.5
3
PP
PP
PP
SPT
SPT
40kPa
60kPa
20-30kPa
(1,2,2) N=4
(0,1,1) N=2
Comments:
Authorised by: ………………………….
Date: ……26/ 02/ 2010..…...……….…..
Consistency
VS
S
F
St
VSt
H
Very soft
Soft
Firm
Stiff
Very stiff
Hard
Density
VL
L
MD
D
VD
Very loose
Loose
Medium
dense
Dense
Very dense
Rock Strength
ELS
VLS
LS
MS
HS
VHS
EHS
Extremely
low
Very low
Low
Medium
High
Very high
Extremely
high
Tests & Results
U50
D
SPT
PP
S
DC
Undisturbed 50mm diam tube.
Disturbed sample.
Standard Penetration Test, N = number of blows to drive 50mm sampler
300mm with a 63.6kg hammer falling 762mm.
Hand penetrometer estimate of unconfined compressive strength, kPa.
Vane shear value kPa
Dynamic Cone test, 9.09kg hammer, fall 508mm, driving 20mm, 30 deg
taper cone fitted to rods of smaller section.
From AS1289-1993 Methods of Testing Soils for Engineering PurposesMoisture
D  Dry    M  Moist    W  Wet
Weathering
RS
XW
DW
SW
FR
Residual
soil
Extremely
weathered
Distinctly
weathered
Slightly
weathered
Fresh
Water
Water level
on date shown
Water inflow
Water outflow
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m
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CL
Sandy Silty CLAY:
Grey-brown, moist, firm, intermediate plasticity.
Silty CLAY:
Grey, moist, very stiff, high plasticity.
Sandy Silty CLAY:
Grey with orange-brown mottles, moist, stiff, low plasticity.  
Sand is very fine to fine grained.
M
M
M
F
VSt
St
4.5
6
7.5
PP
PP
PP
SPT
SPT
SPT
60-90kPa
240-270kPa
90-140kPa
(1,2,2) N=5
(4,5,5) N=10
(3,3,5) N=8
Drilling Information Material Description Test Samples
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Morrison Geotechnic Pty Ltd Engineering Log - Borehole
Borehole No.: BH2
Job Number: DE10/007
Client: Butterfield Projects Pty Ltd
Project: Proposed Four Storey Development
Location: 145 Sydney Street, New FarmDate: 18/01/2010
Easting:
Northing:
RL: 2.80
Total Depth: 15.00
Drilling Rig: 10t Track-Mounted Rig
Driller: Drillsure Pty Ltd
Logged By: S.Rea
Page: 2 of 2
A.B.N. 051 009 878 899
PO Box 3063, Darra, QLD 4076
Phone: (07) 3279 0900  Fax: (07) 3279 0955
W
a
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-7.0
-8.0
-9.0
9
10.5
9.0
10.0
11.0
12.0
CL
CH
CH
Sandy Silty CLAY:
Grey with orange-brown mottles, moist, stiff, low plasticity.  
Sand is very fine to fine grained.
Silty CLAY:
Pale grey with orange staining along slickensides, moist, 
very stiff to hard, high plasticity.
Silty CLAY:
As above, except very stiff.
M
M
M
St
VSt-H
VSt
9
10.5
12
PP
PP
PP
SPT
SPT
SPT
350-420kPa
240-280kPa
260-300kPa
(4,6,7) N=13
(3,5,8) N=13
(3,5,7) N=12
Comments:
Authorised by: ………………………….
Date: ……26/ 02/ 2010..…...……….…..
Consistency
VS
S
F
St
VSt
H
Very soft
Soft
Firm
Stiff
Very stiff
Hard
Density
VL
L
MD
D
VD
Very loose
Loose
Medium
dense
Dense
Very dense
Rock Strength
ELS
VLS
LS
MS
HS
VHS
EHS
Extremely
low
Very low
Low
Medium
High
Very high
Extremely
high
Tests & Results
U50
D
SPT
PP
S
DC
Undisturbed 50mm diam tube.
Disturbed sample.
Standard Penetration Test, N = number of blows to drive 50mm sampler
300mm with a 63.6kg hammer falling 762mm.
Hand penetrometer estimate of unconfined compressive strength, kPa.
Vane shear value kPa
Dynamic Cone test, 9.09kg hammer, fall 508mm, driving 20mm, 30 deg
taper cone fitted to rods of smaller section.
From AS1289-1993 Methods of Testing Soils for Engineering PurposesMoisture
D  Dry    M  Moist    W  Wet
Weathering
RS
XW
DW
SW
FR
Residual
soil
Extremely
weathered
Distinctly
weathered
Slightly
weathered
Fresh
Water
Water level
on date shown
Water inflow
Water outflow
W
a
sh
bo
re
-10.0
-11.0
-12.0
-13.0
-14.0
13.5
14.4
15
13.0
14.0
15.0
16.0
Ro
ck
CH
TFF
Silty CLAY:
As above, except includes pale yellow staining along 
slickensides.
TUFF:
Grey-purple, very fine grained, thinly banded, low 
strength.  SPT Hammer bounced on surface, limited 
penetration.
15.00m: BOREHOLE TERMINATED
HW
M VSt
LS
13.5
15
PP
SPT
SPT
300-320kPa
(4,5,9) N=14
(20/0) N=>50
Drilling Information Material Description Test Samples
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Morrison Geotechnic Pty Ltd Engineering Log - Borehole
Borehole No.: BH3
Job Number: DE10/007
Client: Butterfield Projects Pty Ltd
Project: Proposed Four Storey Development
Location: 145 Sydney Street, New FarmDate: 19/01/2010
Easting:
Northing:
RL: 2.80
Total Depth: 16.37
Drilling Rig: 10t Track-Mounted Rig
Driller: Drillsure Pty Ltd
Logged By: S.Rea
Page: 1 of 2
A.B.N. 051 009 878 899
PO Box 3063, Darra, QLD 4076
Phone: (07) 3279 0900  Fax: (07) 3279 0955
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Gravelly Silty SAND:
Pale grey-brown, dry, medium dense to dense, sand and 
gravel are fine to coarse.
Silty CLAY:
Brown, moist, soft, intermediate plasticity.
Sandy Silty CLAY:
Grey with brown and red-brown mottles, moist, stiff, high 
plasticity.
Silty CLAY:
Dark brown, moist, very soft to soft, high plasticity, 
organic odour.
Silty CLAY:
As above, except wet.
Silty CLAY:
Grey with orange-brown mottles, moist to wet, firm, high 
plasticity, traces of very fine to fine sand, organic odour 
and decomposing organic matter.
D
M
M
M
W
M-W
MD
S
St
VS-S
VS-S
F
0.2
1.4
2.1
3
1.5
PP
PP
PP
PP
SPT
SPT
30kPa
130-200kPa
20kPa
60-80kPa
(2,3,3) N=6
(Hammer Weight) 
N=<1
Comments:
Authorised by: ………………………….
Date: ……26/ 02/ 2010..…...……….…..
Consistency
VS
S
F
St
VSt
H
Very soft
Soft
Firm
Stiff
Very stiff
Hard
Density
VL
L
MD
D
VD
Very loose
Loose
Medium
dense
Dense
Very dense
Rock Strength
ELS
VLS
LS
MS
HS
VHS
EHS
Extremely
low
Very low
Low
Medium
High
Very high
Extremely
high
Tests & Results
U50
D
SPT
PP
S
DC
Undisturbed 50mm diam tube.
Disturbed sample.
Standard Penetration Test, N = number of blows to drive 50mm sampler
300mm with a 63.6kg hammer falling 762mm.
Hand penetrometer estimate of unconfined compressive strength, kPa.
Vane shear value kPa
Dynamic Cone test, 9.09kg hammer, fall 508mm, driving 20mm, 30 deg
taper cone fitted to rods of smaller section.
From AS1289-1993 Methods of Testing Soils for Engineering PurposesMoisture
D  Dry    M  Moist    W  Wet
Weathering
RS
XW
DW
SW
FR
Residual
soil
Extremely
weathered
Distinctly
weathered
Slightly
weathered
Fresh
Water
Water level
on date shown
Water inflow
Water outflow
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CH
Sandy Silty CLAY:
Pale grey-brown, moist, very stiff, intermediate plasticity, 
sand is very fine to fine grained.
Silty CLAY:
Pale grey mottled pale brown, moist, very stiff, high 
plasticity.
Silty CLAY:
As above, except pale brown with orange-brown and 
black mottles.
M
M
M
VSt
VSt
VSt
4.5
6
7.5
PP
PP
PP
SPT
SPT
SPT
260-320kPa
360-390kPa
280-310kPa
(4,5,8) N=13
(4,5,9) N=14
(5,7,9) N=16
Drilling Information Material Description Test Samples
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Morrison Geotechnic Pty Ltd Engineering Log - Borehole
Borehole No.: BH3
Job Number: DE10/007
Client: Butterfield Projects Pty Ltd
Project: Proposed Four Storey Development
Location: 145 Sydney Street, New FarmDate: 19/01/2010
Easting:
Northing:
RL: 2.80
Total Depth: 16.37
Drilling Rig: 10t Track-Mounted Rig
Driller: Drillsure Pty Ltd
Logged By: S.Rea
Page: 2 of 2
A.B.N. 051 009 878 899
PO Box 3063, Darra, QLD 4076
Phone: (07) 3279 0900  Fax: (07) 3279 0955
W
a
sh
bo
re
-6.0
-7.0
-8.0
-9.0
9
10.5
9.0
10.0
11.0
12.0
CH
CH
CH
Silty CLAY:
As above, except pale brown with orange-brown and 
black mottles.
Silty CLAY:
As above except no black mottling.
Silty CLAY:
As above, except pale grey with pale brown mottles.
M
M
M
VSt
VSt
VSt
9
10.5
12
PP
PP
PP
SPT
SPT
SPT
280-360kPa
290-320kPa
250-290kPa
(4,7,13) N=20
(5,6,9) N=15
(4,5,8) N=13
Comments:
Authorised by: ………………………….
Date: ……26/ 02/ 2010..…...……….…..
Consistency
VS
S
F
St
VSt
H
Very soft
Soft
Firm
Stiff
Very stiff
Hard
Density
VL
L
MD
D
VD
Very loose
Loose
Medium
dense
Dense
Very dense
Rock Strength
ELS
VLS
LS
MS
HS
VHS
EHS
Extremely
low
Very low
Low
Medium
High
Very high
Extremely
high
Tests & Results
U50
D
SPT
PP
S
DC
Undisturbed 50mm diam tube.
Disturbed sample.
Standard Penetration Test, N = number of blows to drive 50mm sampler
300mm with a 63.6kg hammer falling 762mm.
Hand penetrometer estimate of unconfined compressive strength, kPa.
Vane shear value kPa
Dynamic Cone test, 9.09kg hammer, fall 508mm, driving 20mm, 30 deg
taper cone fitted to rods of smaller section.
From AS1289-1993 Methods of Testing Soils for Engineering PurposesMoisture
D  Dry    M  Moist    W  Wet
Weathering
RS
XW
DW
SW
FR
Residual
soil
Extremely
weathered
Distinctly
weathered
Slightly
weathered
Fresh
Water
Water level
on date shown
Water inflow
Water outflow
W
a
sh
bo
re
-10.0
-11.0
-12.0
-13.0
-14.0
15
16
16.37
13.0
14.0
15.0
16.0
Ro
ck
CH
TFF
Silty CLAY:
As above, except pale grey with orange-brown mottles 
and hard.
TUFF:
Pale brown-orange with brown-grey bands, very fine 
grained, generally very low strength with low strength 
bands.
16.37m: BOREHOLE TERMINATED
HW
M VSt
VLS
13.5
15
16.1
PP
PP
SPT
SPT
SPT
250-300kPa
450kPa
(4,7,9) N=16
(5,7,9) N=16
(13, 30/120) N=74
Drilling Information Material Description Test Samples
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Morrison Geotechnic Pty Ltd Engineering Log - Borehole
Borehole No.: BH4
Job Number: DE10/007
Client: Butterfield Projects Pty Ltd
Project: Proposed Four Storey Development
Location: 145 Sydney Street, New FarmDate: 19/01/2010
Easting:
Northing:
RL: 2.50
Total Depth: 15.14
Drilling Rig: 10t Track-Mounted Rig
Driller: Drillsure Pty Ltd
Logged By: S.Rea
Page: 1 of 2
A.B.N. 051 009 878 899
PO Box 3063, Darra, QLD 4076
Phone: (07) 3279 0900  Fax: (07) 3279 0955
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Gravelly Silty SAND:
Pale brown-grey, dry, medium dense to dense, sand is 
very fine to coarse grained, gravel is fine to medium 
grained.
Concrete Slab:
Pale grey, very dense.
Silty CLAY:
Dark brown, moist, stiff, high plasticity, slight organic 
odour.
Silty CLAY:
As above, except firm.
Silty CLAY:
Dark grey to black, wet, very soft to soft, high plasticity, 
strong organic odour, and contains decomposing 
orgnanic matter.
D
D
M
M
W
MD
VD
St
F
VS-S
0.2
1.5
3
PP
PP
PP
SPT
SPT
130kPa
80-90kPa
10-30kPa
(2,2,2) N=4
(Hammer Weight) 
N=<1
Comments:
Authorised by: ………………………….
Date: ……26/ 02/ 2010..…...……….…..
Consistency
VS
S
F
St
VSt
H
Very soft
Soft
Firm
Stiff
Very stiff
Hard
Density
VL
L
MD
D
VD
Very loose
Loose
Medium
dense
Dense
Very dense
Rock Strength
ELS
VLS
LS
MS
HS
VHS
EHS
Extremely
low
Very low
Low
Medium
High
Very high
Extremely
high
Tests & Results
U50
D
SPT
PP
S
DC
Undisturbed 50mm diam tube.
Disturbed sample.
Standard Penetration Test, N = number of blows to drive 50mm sampler
300mm with a 63.6kg hammer falling 762mm.
Hand penetrometer estimate of unconfined compressive strength, kPa.
Vane shear value kPa
Dynamic Cone test, 9.09kg hammer, fall 508mm, driving 20mm, 30 deg
taper cone fitted to rods of smaller section.
From AS1289-1993 Methods of Testing Soils for Engineering PurposesMoisture
D  Dry    M  Moist    W  Wet
Weathering
RS
XW
DW
SW
FR
Residual
soil
Extremely
weathered
Distinctly
weathered
Slightly
weathered
Fresh
Water
Water level
on date shown
Water inflow
Water outflow
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Silty CLAY:
As above, except very soft.
Sandy Silty CLAY:
Grey, moist, stiff, intermediate plasticity. Sand is very fine 
to fine grained.
Silty CLAY:
Grey with orange-brown staining along minor 
slickensides, moist, very stiff, high plasticity.
M-W
M
M
VS
St
VSt
4.5
5
7.5
6
PP
PP
PP
SPT
SPT
SPT
20kPa
130-180kPa
340-360kPa
(Hammer Weight) 
N=<1
(2,2,5) N=7
(3,5,6) N=11
Drilling Information Material Description Test Samples
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Morrison Geotechnic Pty Ltd Engineering Log - Borehole
Borehole No.: BH4
Job Number: DE10/007
Client: Butterfield Projects Pty Ltd
Project: Proposed Four Storey Development
Location: 145 Sydney Street, New FarmDate: 19/01/2010
Easting:
Northing:
RL: 2.50
Total Depth: 15.14
Drilling Rig: 10t Track-Mounted Rig
Driller: Drillsure Pty Ltd
Logged By: S.Rea
Page: 2 of 2
A.B.N. 051 009 878 899
PO Box 3063, Darra, QLD 4076
Phone: (07) 3279 0900  Fax: (07) 3279 0955
W
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9
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9.0
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CH
CH
SC
Silty CLAY:
Grey with orange-brown staining along minor 
slickensides, moist, very stiff, high plasticity.
Silty CLAY:
As above, except pale brown mottled grey.
Clayey SAND:
Pale brown, moist to wet, dense.  Sand is fine to coarse 
grained.
M
M
M-W
VSt
VSt
D
9
10.5
12
PP
PP
SPT
SPT
SPT
200-350kPa
250-330kPa
(4,4,8) N=12
(4,4,6) N=10
(5,9,11) N=20
Comments:
Authorised by: ………………………….
Date: ……26/ 02/ 2010..…...……….…..
Consistency
VS
S
F
St
VSt
H
Very soft
Soft
Firm
Stiff
Very stiff
Hard
Density
VL
L
MD
D
VD
Very loose
Loose
Medium
dense
Dense
Very dense
Rock Strength
ELS
VLS
LS
MS
HS
VHS
EHS
Extremely
low
Very low
Low
Medium
High
Very high
Extremely
high
Tests & Results
U50
D
SPT
PP
S
DC
Undisturbed 50mm diam tube.
Disturbed sample.
Standard Penetration Test, N = number of blows to drive 50mm sampler
300mm with a 63.6kg hammer falling 762mm.
Hand penetrometer estimate of unconfined compressive strength, kPa.
Vane shear value kPa
Dynamic Cone test, 9.09kg hammer, fall 508mm, driving 20mm, 30 deg
taper cone fitted to rods of smaller section.
From AS1289-1993 Methods of Testing Soils for Engineering PurposesMoisture
D  Dry    M  Moist    W  Wet
Weathering
RS
XW
DW
SW
FR
Residual
soil
Extremely
weathered
Distinctly
weathered
Slightly
weathered
Fresh
Water
Water level
on date shown
Water inflow
Water outflow
W
a
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re
-11.0
-12.0
-13.0
-14.0
12.7
14.5
15.14
13.0
14.0
15.0
16.0
Ro
ck
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TFF
Sandy GRAVEL:
Various coloured sand and gravel, sand and gravel are 
fine to coarse grained.  Observed in washbore fluid only, 
density cannot be inferred.
TUFF:
Pale yellow brown with white and purple bands, dry, 
extremely low strength to verylow strength, fine grained, 
thinly bedded.
15.14m: BOREHOLE TERMINATED
XW-
HW
M
ELS-
VLS
13.5
15
SPT
SPT
(18,17,16) N=33
(30/140) N=64
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Borehole Data for Case Study 2 – Sheet 1 
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Borehole Data for Case Study 2 – Sheet 2 
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Borehole Data for Case Study 2 – Sheet 4 
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